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FOREWORD 


The research grant activities described in this publication are 
funded by the Bureau of Radiological Health, Food and Drug Administration, 
and administered by the Bureau's Program Office. The aim of research 
grants is to support the Bureau's efforts to promote the health of man by 
reducing the hazards from radiation, both ionizing and nonionizing. 


To accomplish its basic mission of conducting an electronic product 
radiation control program, the Bureau develops criteria and recommends 
standards for safe limits of radiation exposure, develops methods and 
techniques for controlling radiation exposure, plans and conducts 
research to determine the health effects of radiation exposure, and 
provides technical assistance and training to agencies concerned with 
radiological health problems. 


Research activities of both public and private non-profit organi- 
zations, research foundations, hospitals and universities contribute 
substantially to the overall goal of reducing radiation exposure. It is 
through the grants mechanism that the Bureau utilizes scientific expertise 
available throughout the Nation to extend and fulfill its mission in 
radiological health. 
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INTRODUCTION 


This publication includes descriptions and accomplishments of 
research projects supported by grants from the Bureau of Radiological 
Health from July 1, 1969 to June 30, 1972. Information about individual 
projects was obtained from summary statements prepared by the principal 
investigators to define their objectives and describe significant results. 
Project publications which could be identified as grant supported were 
listed for the duration of the grant, 


The first section is comprised of 32 research projects active during 
FY 1972 and 8 which were terminated. Those grants terminated during 
FY 1971 or transferred to the Environmental Protection Agency are 
described in the next section, and those terminated during FY 1970 appear 
in the final section. Project terminations for FY 1970 and 1971 were 
included in this publication to provide an accounting of all radiological 
health research grants since the last publication in FY 1969 by the no 
longer existing Environmental Control Administration. 


Research grants are listed by title, grant number, principal investi- 
gator, and institution. The grant number identifies the grant and 
consists of the two initials RL followed by five digits, a dash and two 
additional digits. The initials RL designate the Bureau of Radiological 
Health. The five digits (including zeros) are a sequence identification 
number, and the two digits after the dash indicate the number of years a 
particular grant received support. Most of the grants prior to FY 1972 
appear with the initials EC which refer to the earlier Environmental 
Control Administration. 


The index at the back of the publication includes alphabetical 
listings of principal investigators, grantee institutions, and 
geographical locations, a grouping of grants by DHEW regions and 
information about the ten regional offices. 
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RESEARCH GRANTS ACTIVE - FY 1972 





TRANSFER MECHANISMS IN IRRADIATED darold C. Box 
BIOLOGICAL SYSTEMS Health Research, Incorporated 
New York State Department of Health 
Albany, New York 


RL 00009-07 


Project Deseriptiton and Objectives: This project is aimed at achieving 
an understanding of the molecular changes induced in biological systems 
by ionizing radiation, Fundamental processes initiated by ionizing 
radiation, such as oxidation and reduction, dissociation, hydrogen 
abstraction, etc., can be followed in irradiated biomolecules using 
specially designed magnetic resonance equipment. Working at liquid 
helium temperature (4.2°K) the investigators expect to identify the 
oxidation and reduction products produced by x-irradiation in a variety 
of amino acids, peptides and nucleotides, and eventually in protein and 
nucleic acids also. 


Stgntftcant Results: The most significant progress has been in the 
continued development of the ENDOR (electron-nuclear double resonance) 
technique for analyzing radiation damage. Typically several different 
oxidation and reduction products are produced and stabilized in bio- 
molecules x-irradiated at 4.2°K. The ENDOR technique makes it possible 
to sort out and identify these various radiation products. A specific 
example will illustrate the point. If the peptide acetylglycine 
(CH, CONH CH, COOH) is subjected to ionizing radiation at 4.2°K several para- 
magnetic species are formed whose absorptions overlap so that analysis 
by conventional ESR (electron spin resonance) spectroscopy is hopeless. 
Using ENDOR, however, it can be rigorously demonstrated that the radiation 
damaged products consists of three reduced species (CH,CO NHCH, COOH and 
two different conformations of CH,CONHCH,COOH) and one oxidation product 

3 2 
(CH.,CONHCH,, ) . 


It is also possible, of course, to monitor many of the physical and 
chemical changes these very reactive primary species undergo as the 
temperature is allowed to rise. Again ENDOR is extremely useful in 
studying these secondary processes. 


Relatively few low temperature ENDOR studies of radiation damage have 
been completed to date but it is clear that the technique can provide 
detailed information concerning radiation damage at the molecular 
level. And molecular damage must underlie the biological manifesta- 
tions of radiation (carcinogenic, therapeutic and genetic) observed at 
the level of the organism. 


The capability of producing, stabilizing and analyzing molecules in 
their oxidized and reduced states has implications in other fields of 
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science. In chemistry, for example, ENDOR analysis can provide detailed 
information about the distribution of the unpaired electron in oxidized 
and reduced molecules. These data are ideal for checking theoretical 
calculations of the electronic wavefunction obtained from quantum 
mechanical considerations. 


Pub lteattons: 
Whelan, D. J., "ENDOR Study of Irradiated L-Glutamic Acid Deutero- 
chloride," J. Chem. Phys., 49:4734 (1968). 


Box, H. C., E. E. Budzinski, and T. Gorman, "Paramagnetic Study of Ionized 
Thiourea Derivatives," J. Chem. Phys., 48:1748 (1968). 


Box,H. C., E. E. Budzinski, and H. G. Freund, "Radical Formation in 
X-Irradiated Glycine HCl," J. Chem. Phys., 50:2880 (1969). 


Box;'H.' COZ °K. TE EiilgascBs° E."BudzZinsk?; “and ik, Wert, uydroxy. 
Radicals in X-Irradiated Single Crystals of Ice," J. Chem. Phys., 50: 
5422 (1969). 


Box, H. C., H. G. Freund, K. T. Lilga, and E. E. Budzinski, 
"Magnetic Resonance Studies of the Oxidation and Reduction of Organic 
Molecules by Ionizing Radiations," J. Chem. Phys., 74:40 (1970). 


Box, H. C.;°E. Es Budzinski, Ks T: Lilga, ‘and H. G. Freund, “ENDOR 
Study of X-Irradiated Single Crystals of Ice," J. Chem. Phys., 53:1059 
(1970). 


Box, H. C., E. E. Budzinski, and H. G. Freund, "Photolysis of Diben- 
zoyl Peroxide," J. Am. Chem. Soc., 92:5305 (1970). 


Box, H. C., E. E. Budzinski, and W. Potter, "Effects of Ionizing 
Radiation on Potassium Hydrogen Malonate," J. Chem. Phys., 55:315 
(1971). 


Budzinski, E. E., and H. C. Box, "The Oxidation and Reduction of 
Organic Molecules by Ionizing Radiation: Penicillamine HCl," J. Phys. 
Chem., 75:2564 (1971). 


Box, H. C., "ESR and ENDOR Studies of Radiation-Produced Radical Pairs," 
J. Phys. Chem., 75(22) :3426-3431 (1971). 


Box, H. C., and E. E. Budzinski, "The Oxidation and Reduction of 
Amino Acids by Ionizing Radiation," J. Chem. Phys., 55(5):2446-2449 
(September 1971). 


RADIATION DOSE AND DIAGNOSTIC Edward M. Smtth 
ISOTOPE PROCEDURES Society of Nuclear Medicine 
New York, New York 


RL-00029-06 


Project Deseription and Objectives; The primary objective of the Medical 
Internal Radiation Dose Committee of the Society of Nuclear Medicine 

is to provide the best possible estimate of the absorbed dose to patients 
resulting from the diagnostic or therapeutic use of internally administered 
radiopharmaceuticals. In order to achieve this objective the Committee 
collects, analyzes, and publishes in convenient form necessary data on 
the distribution of radiopharmaceuticals; physical and nuclear decay 
scheme data for relevant radionuclides; and physical, chemical, and bio- 
chemical properties which may effect the biological behavior of radio- 
pharmaceuticals. The work of the MIRD Committee is expected to continue 
as long as new diagnostic and therapeutic radiopharmaceuticals are being 
developed. 


Stgntficant Results; The results of the MIRD Committee are published as 
supplements to the Journal of Nuclear Medicine and as Dose Estimate 

Reports incorporated into the Journal of Nuclear Medicine. The Committee 
will publish its first Dose Estimate Report in January, 1973 which will 
summarize the dose resulting from the intravenous administration of 
selenium-75 as selenomethionine. There are 19 other radiopharmaceuticals 
that the Committee is currently working on and will eventually be published 
as Dose Estimate Reports. 


Publtcattons: 
SUPPLEMENT NUMBER 1 (1968) 
Pamphlet #1 A schema for absorbed-dose calculations for 
biologically distributed radionuclides. 
Pamphlet #2 Energy deposition in water by photons from 
point isotropic sources 
Pamphlet #3 Absorbed fractions for photon dosimetry. 


SUPPLEMENT NUMBER 2 (1969) 
Pamphlet #4 Radionuclide decay schemes and nuclear parameters 
for use in radiation-dose estimation. 


SUPPLEMENT NUMBER 3 (1969) 
Pamphlet #5 Estimates of absorbed fractions for monenergetic photon 
sources uniformally distributed in various organs of a 
hetrogeneous phantom. 


SUPPLEMENT NUMBER 4 (1970) 
Pamphlet #6 Radionuclide decay schemes and nuclear parameters 
for the use in radiation-dose estimation, Part 2. 


SUPPLEMENT NUMBER 5 (1971) 
Pamphlet #7 Distribution of absorbed dose around point sources of 
electrons and beta particles in water and other media. 
Pamphlet #8 Absorbed fractions for small volumes containing photon 
emitting radioactivity. 


SUPPLEMENT NUMBER 6 (1972) 
Pamphlet #9 Radiation dose to humans from 79g -L-Selenomethionine. 


STUDIES OF RADIATION DAMAGE TO Roy S. Andergon 
BIOLOGICAL MATERIALS Clark University 


Worcester, Massachusetts 
RL 0065-10 


Project Description and Objectives: The goal of this research is to 
discover the effect of high energy radiation in damaging molecules of 
biological interest. Radiation damage occurs by breaking a chemical 
bond, with an atom or group of atoms being removed. Such alterations 

of molecules render them weakly magnetic; the highly sensitive method 

of electron spin resonance spectroscopy may then be utilized. These 
studies must be conducted using single crystals, so that the exact nature 
and location of the damage may be understood. Crystals are exposed to 
X-rays or gamma-rays. Resulting damage is frequently stably trapped in 
the crystalline lattice for periods of days to years. 


Stgntficant Results: Experimental results indicate that in saturated 
molecules radiation damage is principally in the form of abstraction, 

that is, the loss of an atom by the breaking of a chemical bond. There 
also appears to be an ordering of the radiation sensitivity of the various 
chemical bonds: carbon-sulphur bonds appear to be the most susceptible 

to radiation, followed by carbon-nitrogen bonds, carbon-hydrogen bonds, 
and carbon-oxygen single bonds, in descending order. 


Of the various radiations used, gamma-rays and x-rays are highly effective 
in producing damage. Ultraviolet rays are ineffective in damaging 
molecules in crystals. Of the various particles investigated, neither 
thermal neutrons nor thermal hydrogen atoms were found capable of creating 
significant radiation damage. 


In the case of unsaturated covalent compounds, radiation damage appears 
to occur by addition, that is, by having atoms (or groups of atoms) 
attach themselves directly to the molecule at the double or triple bond. 
In this case, the attaching atoms are believed to originate in waters of 
crystallization that are first damaged by the radiation. 


Publtcations: Fujimoto, Minoru, "Electron Spin Resonance of a Radical 
in Irradiated Single Crystals of Itaconic Acid," J. Chem. Phys., 39:846- 
847 (1963). 


Rao, M. J. and R. S. Anderson, "Electron Spin Resonance in Gamma- 
Irradiated Single Crystals of Hydroxylated Organic Compounds," 
J. Chem. Phys., 42:2899-2904 (1965). 
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Kohin, R. P. and P. G. Nadeau, "Electron Spin Resonance Studies of y- 
Irradiated Ferroelectric Methylammonium Alum Crystals," J. Chem. Phys., 
44:691-694 (1966). 


DuVarney, R. C. and R. P. Kohin, “Ammonio-Group 8-Proton Hyperfine 
Coupling Constants in 7t-Electron Radicals," J. Chem. Phys., 44:2532-2533 
(1966). 


Shrivastava, K. N. and R. S. Anderson, "Electron Spin Resonance Study of 
y-Irradiated Single Crystals of Semicarbazide Hydrochloride," J. Chem. 
Phys., 48:4599-4604 (1968). 


DuVarney, R. C. and R. S. Anderson, "An Analog Computer for the Rapid 
Analysis of Electron Spin Resonance Spectra," J. Magnetic Resonance, 
3:235-239 (1970). 
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RBE OF MONOENERGETIC NEUTRONS Harald H. Rosst 
Columbia University 
New York, New York 


RL’ 00074-11 


Project Desertption and Objectives: The relative biological effective- 
ness (RBE) of neutrons is being investigated as a function of their 
energy. The neutron source is a 5 MeV Van de Graaf accelerator which 

is probably the largest facility entirely devoted to radiobiology and 
radiation protection. It produces six beams of neutrons and charged 
particles and occupies about half the space of the former cosmotron 
accelerator. A great variety of organisms and effects are under examin- 
ation. The principal interest is in higher organisms particularly 
mammals. 


Stgntficant Results: Previous findings under this grant have indicated 
that although neutron RBE depends on the effect under consideration, its 
dependence on both neutron energy and magnitude of the dose is virtually 
the same for all effects that have been studied. Except for one recently 
discovered exception, the RBE of neutrons relative to x and gamma radia- 
tion has been found to increase with decreasing absorbed dose, reaching 
levels which are much higher than those previously found. This has 
obvious implications to radiation protection because it indicates the 
need for an increase in QF of high LET radiation. On the other hand it 
also indicates that risk estimates for x and gamma rays (the most commonly 
encountered radiations) may be unduly high if based on linear extrapo- 
lations. During the last year the results of the research previously 
carried out permitted the formulation of the theory of dual radiation 
action according to which the effects of all radiations on higher organisms 
can be interpreted in terms of energy deposition in small regions within 
the cell. The cardinal finding is that the biological effect is propor- 
tional to the square of the energy concentration. It is believed that 
further development of this theory will not only be of theoretical 
significance but will also be of practical import to both radiation pro- 
tection and radiation theory. 


Pub lteations: 

Biavati, M. H., W. Rosenzweig, H. H. Rossi, and I. Miyanaga. ''The 
dependence of RBE on the energy of fast neutrons. III. Evaluations 
of radiation quality," Rad. Res., 19(3):512-525 (July 1963). 


Bateman, J. L., V. P. Bond, and H. H. Rossi. "Lens opacification in 
mice exposed to monoenergetic fast neutrons," Biological Effects of 
Neutron and Proton Irradiations, I1:321-336, Int. Atomic Energy 
Agency, 1964. 
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Smith, H. H., J. L. Bateman, H. Quastler, and H. H. Rossi. ‘''RBE of 
monoenergetic fast neutrons: Cytogenetic effects in maize," Biological 
Effects of Neutron and Proton Irradiations, 11:233-248, Int. Atomic 
Energy Agency, 1964. 


Merriam, Jr., G. 'R., B. J. Biavati,.J.:L. Bateman sooo hoes. 
Vv. P. Bond, L. Goodman, and E. F. Focht, "The Dependence of RBE 
on the Energy of Fast Neutrons," Rad. Res., 25(1):123-138 (1965). 





Rossi, Harald H., "Biophysical Considerations Concerning the Existence 
of a Threshold Dose for Radiation Effects," Am. J. Roentgenol., XCIII(1): | 
196-199 (1965). 


Robinson, C. V., S. L. Commerford, and J. L. Batemann, "Evidence for 
the presence of stem cells in the tail of the mouse." Proc. Soc. Experi. 
Biol. and Med., 119:222-226 (1965). 


Smith, H. H., H. H. Rossi, "Energy Requirements and Relative Biological 
Effectiveness for Producing a Cytogenetic Phenomenon in Maize by 
Irradiating Seeds with X-Rays and Monoenergetic Neutrons," Rad. Res., 
28(2) :302-321 (1966). 


Rossi, H. H., '"Microdosimetry,'' Technical Reports Series, Int. Atomic 
Energy Agency, 58:81-95 (1966). 


Bateman, J. L. and V. P. Bond, “Lens Opacification in Mice Exposed to 
Fast Neutrons," Rad. Res., Supplement 7:239-247 (1967). 


Conard, R. A. et al (including John L. Bateman), "Medical survey of the 
people of Rongelap and Utirik Islands 13, 14 and 15 years after fallout 
radiation (March 1967, March 1968 and March 1969).'' BNL 50220 (T-562). 
Rossi, H. H. "The role of cellular radiobiology in radiation protection," 
Presented at First Int. Symp. on the Biol. Interpretation of Dose from 
Accelerator Produced Radiation, May 1967. Published in the Proceedings 

of the Symposium. 


Rossi, H. H., "Microscopic distribution of radiation energy," Proc. 
of Conf. on "Microdosimetry", sponsored by Euratom, Ispra, Italy, 
27-55 (November 1967). 


Bateman, J. L., "A Relation of Irradiation Dose-Rate Effects in Mammals 
and in Mammalian Cells,'"' Proceedings of a Symposium on Dose Rate in 
Mammalian Radiation Biology, Oak Ridge, Tennessee, April 29-May 1, 1968. 


Bateman, J. L., H. A. Johnson, V. P. Bond, and H. H. Rossi, “The 
Dependence of RBE on the Energy of Fast Neutrons for Spermatogonia 
Depletion in Mice," Rad. Res., 35(1):86-101 (1968). 
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Rossi, H. H., Role of Associated Absorption Events in Lenticular 
Radiation Injury, Report from "Biophysical Aspects of Radiation Quality," 
Second Panel Report, Int. Atomic Energy Agency, 1968. 


Rossi, H. H., "Interpretation of Biological Response in Terms of 
Microdosimetry,'’ Ann. N. Y. Acad. Sci., 161:260-271 (1969). 


Bateman, J. L., and M. R. Snead, "Current Research in Neutron RBE in 
Mouse Lens Opacity,'’ Symposium on Neutrons in Radiobiology, Oak Ridge, 
Tennessee (1969). 


Underbrink, A. G., A. H. Sparrow, and H. H. Rossi. "RBE's of x rays, 
0.43 MeV and 80 keV neutrons on somatic mutations and loss of repro- 
ductive integrity in Tradeseatia stamen hairs." Book of Abstracts, 
IVth Int. Cong., Rad. Res., Evian, 223 (1970). 


Underbrink, A. G., R. C. Sparrow, A. H. Sparrow, and H. H. Rossi, 
"RBEs of x-rays, 0.43 MeV and 80 keV neutrons on somatic mutations 
and loss of reproductive integrity in Tradescamtia stamen hairs," 
Rad. Res., 43:246 (1970). 


Underbrink, A. G., R. C. Sparrow, A. H. Sparrow, and H. H. Rossi, 
"Relative biological effectiveness of x rays and 0.43 MeV monoenergetic 
neutrons on somatic mutations and loss of reproductive integrity in 
Tradescantta stamen hairs," Rad. Res., 44:187-203 (1970). 


Sparrow, R. C., A. G. Underbrink, and K. H. Thompson, "Relation 
between cell number, mutant or aberrant events per hair and loss of 
reproductive integrity in irradiated Tradescamtia stamen hairs," Book 
of Abstracts, IVth Int. Cong., Rad. Res., Evian, 223 (1970). 


Underbrink, A. G., R. C. Sparrow, and A. H. Sparrow, "Relations 
between phenotypic aberrations and loss of reproductive integrity in 
Tradescantta stamen hairs," Brookhaven National Laboratory 15857 (1971). 


Underbrink, A. G., R. C. Sparrow, and A. H. Sparrow, Relations 
between phenotypic aberrations and loss of reproductive integrity in 
Tradescantia stamen hairs, Rad. Botany, 473-481 (1971). 


Kellerer, A. M., Theory of wall-effects in microdosimetric measurements 
Proc. Int. Atomic Energy Agency Symposium on Biophysical Aspects of 
Radiation Quality, 45-53 (1971). 


Underbrink, A. G. and A. H. Sparrow, “Power relations as an expression 
of relative biological effectiveness (RBE) in Tradescantia stamen hairs," 
Rad. Res., 46:580-587 (1971). 
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Underbrink, A. G., R. C. Sparrow, A. H. Sparrow, and H. H. Rossi, 
"RBEs of 0.43 MeV and lower energy neutrons on somatic aberrations 
and hair length in Tradeseantiq stamen hairs," Int. J. Rad. Biol., 
19:215-228 (1971). 


Kellerer, A. M., and H. H. Rossi, "RBE and the primary mechanisms 
of radiation action," Rad. Res., 47:15-34 (1971). 
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NEOPLASMS IN IRRADIATED HUMAN Louts H. Hempelmann 
POPULAT IONS University of Rochester School 
of Medicine and Dentistry 
Rochester, New York 


RL 00078-09 


Project Deseriptions and Objectives; To investigate induction of 

cancer and benign tumors in man by radiation exposure in a continuing 
study of 4,872 persons. Most of these people have a history of receiving 
radiation therapy in childhood for alleged thymic enlargement or for 
lymphoid hyperplasia of the nasopharynx. In addition, there is a 

series of women given x-ray treatments for acute post-partum mastitis. 

As controls, 7,752 non-irradiated siblings of the irradiated subjects 
will be used. In particular, the mechanisms by which the irradiation 

of the thyroid induces cancer will be studied and the best means of 
treating and/or preventing this disease will be explored. 


Stgntficant Results: In the past ten years, significant progress has 
been made in quantitating the risks of developing thyroid and other 
neoplasms (benign as well as malignant) after radiation exposure in 
childhood. The best risk estimate of such exposure is 9.3 cases of 
cancer per year per million children exposed to an average of one rad 
each. Also, the mechanism(s) by which radiation induces thyroid neo- 
plasms and the pathogenesis of radiation-induced thyroid cancer in man 
have been worked out. Furthermore, a considerable clinical experience 
has been gained in the treatment of radiation induced thyroid neoplasms 
in young or middle-aged patients. In addition to these epidemiological 
studies of persons irradiated in childhood, a pilot study of women 
given x-ray treatments for acute post-partum mastitis revealed an 
apparent excess of benign and malignant breast tumors. 


In the past 18 years, there have been three mail surveys of almost 
3,000 young adults treated with x-rays in infancy for thymic enlarge- 
ment. A fourth survey has been completed and the data are being 
analyzed. Preliminary study indicates that thyroid neoplasms continue 
to develop as the subjects enter the third and fourth decade of life. 
Three new thyroid cancers and several other forms of radiation-induced 
neoplasms have occurred in subjects in their thirties. A distinct dose 
response can be seen when the incidence of thyroid cancer and of pooled 
extrathyroid tumors are plotted against dose. An apparent excess of 
rare diseases, some of which have auto-immune "overtones" (including 
one case of myasthenia gravis), has prompted the investigators to under- 
take a thorough evaluation of the immunological status of selected 
patients in the treated series. 
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Recently, a study of radiation-induced chromosome aberrations in the 
thyroid cells of some of the irradiated patients with neoplasms has 
been published. In patients who were irradiated in infancy and who 
developed tumors 29-37 years later, approximately one-third of the 
cultured thyroid cells contained abnormal chromosomes. This is in 
contrast to other patients without a history of radiation exposure 

but with thyroid tumors who were given tracer doses of I A preoperatively. 
The thyroid cells of these patients showed no excess of chromosomal 
abnormalities. The latter study has clear implications for the public 
health aspects of radioactive fallout in that radiation delivered at 

a low dose rate such as would occur after world-wide fallout seems to 
be less effective in producing chromosome damage than irradiation at 

a high dose rate as in x-ray therapy. 


Publtecattons: Pifer, J. W., E. T. Toyooka, R. W. Murray, W. R. Ames, 
and L. H. Hempelmann, "Neoplasms in Children Treated with X-rays for 
Thymis Enlargement. I. Neoplasms and Mortality," J. Natl. Cancer Inst., 
31(6) :1333-1356 (December 1963). 


Toyooka,. \E.vit ..44.J 4) Ws. Pifer.,) 5s: L.. Crump, 2 Any Ma DuUttoneand 

L. H. Hempelmann, "Neoplasms in Children Treated with X-rays for 
Thymic Enlargement. II. Tumor Incidence as a Function of Radiation 
Factors," J. Natl. Cancer Inst., 31(6):1357-1377 (December 1963). 


Toyooka, E. T., J. W. Pifer, and L. H. Hempelmann, "Neoplasms in 
Children Treated with X-rays for Thymic Enlargement. III. Clinical 
Description of Cases," J. Natl. Cancer Inst., 31(6):1379-1405 (December 
1963). 


Pifer, J. W. and L. H. Hempelmann, "Radiation-Induced Thyroid Carcinoma," 
Ann. N. Y. Acad. Sci., 114:838-848 (April 1964). 


Hazen, R. W., J. W. Pifer, E. T. Toyooka, J. Livingood, and 
L. H. Hempelmann, "Neoplasms Following Irradiation of the Head," 
Cancer Res. 26:305-311 (February 1966). 


Hempelmann, L. H., J. W. Pifer, G. J. Burke, R. Terry, and W. R. Ames, 
"Neoplasms in Persons Treated with X rays in Infancy for Thymic Enlarge- 
ment. A Report of the Third Follow-up Survey," J. Natl Cancer Inst. 
38:317-341 (1967). 


Pincus, R. A., S. Reichlin, and L. H. Hempelmann, ''Thyroid Abnormal- 
ities after Radiation Exposure in Infancy," Ann. Intern Med., 66(6):1154- 
1164 (June 1967). 
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Hempelmann, L. H., Radiation-Induced Thyroid Neoplasms in Man," 1968 
Thyroid Neoplasia, Academic Press, Inc., London 267-277. 


Pifter, J. We, l..H,. Hempelmann, iH. J. Dodge, sand ‘F.. Js *Hodges, II, 
"Neoplasms in the Ann Arbor Series of Thymus-Irradiated Children: A 
Second Survey,'’ Am. J. of Roentgenol. Radium Ther. Nucl. Med., 
103(1): 13-18 (May 1968). 


Hempelmann, L. H., "Radiation Exposure and Thyroid Cancer in Man," 
ULCC Monograph Series, Thyroid Cancer, 12:103-111 (1968). 


Hempelmann, L. H., "Risk of Thyroid Neoplasms after Irradiation in 
Childhood," Science, 160:159-163 (April 1968). 


Hempelmann, L. H., "Neoplasms in Youthful Populations following X-ray 
Treatment in Infancy," Environ. Health, 1:338 (1968). 


Mettler, F. A., Jr., L. H. Hempelmann, A. M. Dutton, J. W. Pifer, 

E. T. Toyooka, and W. R. Ames, "Breast Neoplasms in Women Treated 
with X-rays for Acute Post-Partum Mastitis. A Pilot Study," J. Natl. 
Cancer Inst., 43:803-811 (1969). 


DePapp, Z., R. A. Pincus, and L. H. Hempelmann, "Treatment of Radiation- 
Induced Nodular Goiters,'"' J. Nucl. Med., 11:496-502 (August 1970). 


Doida, Y., C. Hoke, and L. H. Hempelmann, ''Chromosome Damage in 
Thyroid Cells of Adults Irradiated with X-rays in Infancy," Rad. Res., 
452645.(1971). 
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FOLLOW-UP STUDY OF IRRADIATED Roy E. Albert 
TINEA CAPITIS CASES New York University Medical 
Center 


New York, New York 
RL 00085-08 


Project Descriptions and Objectives; The purpose of the study is to 
characterize the nature and magnitude of long-term radiation injury due 
to X-ray epilation of the scalp. The study population consisted of 
about 4,200 cases treated for tinea capitis (ringworm of the scalp) of 
which 2,400 cases received X-ray epilation. The radiated and control 
groups were well matched on socioeconomic status of parents, age, age 

at Tinea treatment, race and sex. Doses to the structures of the head 
were appreciable: 450-850 rad to the scalp, up to 400 rad to the cranial 
marrow, and 70-175 rad to the brain. 


The entire registry was surveyed between 1962 and 1968, and a second 
follow-up is about 95 percent completed. The following potential 
indicators of deleterious effects are being assessed: verified illness 
experience and mortality; educational and occupational history; penal 
experience and military disqualification. Medical and psychiatric 
examination programs and a dosimetric study were also undertaken. 


Stgntficant Results: This study provides opportunity to assess the 
tumorigenic effects of radiation to head structure without appreciable 
radiation to other body areas, unlike the several well-known studies of 
whole-body radiation. It also provided an opportunity to examine the 
possible psychogenic effects of radiation. 


The first survey, which assessed patients from 5 to 25 years post- 
Tinea treatment, demonstrated an incidence of cancer and leukemia 10 
times greater in the irradiated cases than in controls and of confirmed 
mental illness 2.5 times greater. 


Total medical confirmation to date has shown differences between the 
irradiated and control groups in disease frequency for several cate- 
gories of disease. (Crude incidence rates per thousand are given in 
parentheses.) 


1. Cancer and leukemia 


Overall the irradiated group had 25(12.2) cases and the 
control group 7(5.0) cases. This difference resulted 
primarily from malignancies of the head and neck, where 
there were 12(5.9) and 1(0.7) cases respectively; with 

a morbidity ratio of 8.2. The irradiated head and neck 
malignancies included 6 basal cell carcinomas and 3 brain 
tumors. There were also 4(2.0) cases of leukemia in the 
radiated group and 1(0.7) among the controls. 
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2. Benign tumors 


Fifty-three(25.9) cases with benign tumors of the head 
and neck were diagnosed in the irradiated group versus 
14(10.0) in the controls, but no differential was found 
in tumors of other parts of the body (17.6 vs. 19.4 per 
thousand). Six(2.9) thyroid adenomas were diagnosed in 
the radiated group and one(0.7) in the controls. 


3. Psychiatric illness 


Diagnosed psychiatric illness was 40 percent higher in the 
irradiated group with 161(78.8) cases vs. 72(55.2) cases 
among controls. A psychiatric examination program also 
confirmed by both psychiatric interview and psychologic 
testing that there were small, though significant, 
differences between the groups in mental disorders. 


Publications: 

Albert, R: E., A« R. Omran,°E.:W. Brauer, D. CG. Dove, N.C... cohen. 
H.” Schmidt, R.. Baumring, S&S. eMorri ll. R.7Scuuiz, and: kh. Lee paer. 
"Follow-Up Study of Patients Treated by X-Ray for Tinea Capitis," 
Am. J. Public Health, 56(12):2114-2120 (1966). 


Albert, R. E. and A. R. Omran, "Follow-Up Study of Patients Treated 
by X-Ray for Epilation for Tinea Capitis," Arch. Environ. Health, 
17:899-918 (1968). 


Albert, R. E., A. R. Omran, E. W. Brauer, N. C. Cohen, D. C. Dove, 
H. Schmidt, M. Becker, R. Baumring, R. L. Baer, "II. Results of 
Clinical and Laboratory Examinations," Arch. Environ. Health, 17: 
919-934 (1968). 


Schultz, R. J. and R. E. Albert, ‘Iii; Dose to Oreans of the 
Head from the X-Ray Treatment of Tinea Capitis," Arch. Environ. 
Health, 17:935-950 (1968). 


7h 


RADIATION PROTECTION AND Laurteton §. Taylor 
MEASUREMENT National Council on Radiation 
Protection and Measurements 
Washington, D. C. 


RL 00096-07 


Project Deseription and Objectives: To collect analyze and disseminate 
information and recommendations for radiation protection and measurement; 
and to stimulate the exchange of ideas in radiation problem areas. 


The Council formulates recommendations on radiation protection and 
measurements which represent the leading scientific thinking on these 
questions and are of substantial benefit to those utilizing radiation 
producing equipment or materials, 


Stgntficant Results: Principal activity centered around the following 
areas each with its own scientific committee: Basic Radiation Protection 
Criteria, Heavy Particles (Neutrons, Protons, and Heavier), Monitoring 
Methods and Instruments, Medical X and Gamma Ray Protection Up to 10 MeV 
(Structural Shielding Design), Safe Handling of Bodies Containing 
Radioactive Isotopes, X-Ray Protection in Dental Offices, Veterinary 
X-Ray Protection, High Energy X-Ray Dosimetry, Specification of Radium 
Substitutes, Brachytherapy and Administered Radioactivity. 


Scientific Committee 1 was engaged in the drafting of NCRP Report No. 39, 
Basic Radiation Protection Criteria. The work on the report was completed 
in 1970 and the report was published in January 1971. The report has 
already received very wide distribution and it appears to meet a vital 
need. 


Scientific Committee 4 completed in 1970 its work on a report to 
supersede NCRP Report No. 20, Protection Against Neutron Radiation Up 
to 30 Million Electron Volts. The new report NCRP Report No. 38, 
Protection Against Neutron Radiation, was published in January 1971. 


Significant progress was made on the revision of the draft report on 
monitoring methods and instruments on the basis of comments resulting 
from the Council review of the draft prepared by Scientific Committee 7. 
Portions of the report have now been rewritten on the basis of the 
Council members comments and the rewriting of additional subsections 

is now underway. It is expected that this work can be completed in the 
near future. It is not yet clear whether the revised report will have 
to be resubmitted to the Council members for additional review. 


Scientific Committee 9 moved into inactive status in 1970 following the 
completion of its work on NCRP Report No. 34, Medical X-Ray and Gamma- 
Ray Protection for Energies Up to 10 MeV-Structural Shielding Design 
and Evaluation. The report was published in March 1970. 
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Scientific Committee 13 on Safe Handling of Bodies Containing Radio- 
active Isotopes completed its work on a report which sets out the 
Council's recommendations relating to precautions in the management of 
patients who have received therapeutic amounts of radionuclides. The 
report also brings up to date the NCRP recommendations on the safe 
handling of bodies containing radioactive materials. NCRP Report No. 37, 
Precautions in the Management of Patients Who Have Received Therapeutic 
Amounts of Radionuclides was published in October 1970. 


With the publication of NCRP Report No. 35, Dental X-ray Protection, 
Scientific Committee 16 completed its work. The report was published 
in March 1970. 


Early in 1970, Scientific Committee 17 on Veterinary X-Ray Protection 
completed the final revision of a new report, Radiation Protection in 
Veterinary Medicine. The report was published as NCRP Report No. 36 
in August 1970. 


Scientific Committee 26 on High Energy X-Ray Dosimetry is engaged in the 
development of NCRP recommendations directed particularly to the 
problems of calibration and measurement for high energy x-ray sources 
used in therapy. The initial draft of the NCRP report being prepared by 
the Committee is approximately two thirds complete. It is not yet 
possible to predict when the committee will complete the drafting work 
and submit the report to the Council members for review. 


Scientific Committee.27 on Specification of Radium Substitutes completed 
the second draft of the brief report being developed by the Scientific 
Committee. It is expected that the Committee's draft will be ready 

for submission to the Council members in the near future. 


The report drafted by Scientific Committee 29 on Brachytherapy was 
completed late in 1971 and published in March 1972 as NCRP Report 
No. 40, Protection Against Radiation from Brachytherapy Sources. 


Following the reorganization of the Council's activities relating 

to internal emitters in 1969, several new Scientific Committees 

were constituted. Scientific Committee 32 on Administered Radioactivity 
is one of these. The Committee has drawn plans to devote its attention 
to an examination of the criteria for selecting a radionuclide for a 
particular use. Much preliminary work remains to be done, but the 
Committee has utilized the computation facilities made available to it 
to complete certain calculations on a typical radionuclide. This 

"test run" proved the feasibility of the type of approach the Committee 
believes may be appropriate. 
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Publtcattons: National Council on Radiation and Measurements, "X-Ray 


Protection Standards for Home Televiston Receivers." 


National Council on Radiation Protection and Measurements, 
Protection tn Educattonal Instttutions." 


National Council on Radiation Protection and Measurements, 
X-Ray and Gamma-Ray Protection for Energies Up to 10 MeV." 
Noet 33) ; 


National Council on Radiation Protection and Measurements, 
X-Ray and Gamma-Ray Protection for Energies Up to 10 Mev." 
Shielding Design and Evaluation. 


National Council on Radiation Protection and Measurements, 
X-Ray Protection." 


National Council on Radiation Protection and Measurements, 
Protection in Veterinary Medicine." 
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RADIATION CHEMICAL STUDIES Jack Schubert 
ON HEMOCYANINS University of Pittsburgh 
| Pittsburgh, Pennsylvania 


RL 00098-07 


Project Description and Objectives: The ability of irradiation to kill 
cancer cells and to modify cellular processes is related to the levels 
of oxygen present. Oxygen from the air becomes available to animals 
through oxygen-carrying proteins such as hemoglobin in man and hemocyanin 
which is present in the blood of many shell fish. Hemoglobin picks up 
oxygen from the blood through iron atoms which form an integral part of 
the protein structure while hemocyanin uses copper instead of iron for 
oxygen-carrying. In both cases, atomic radiation interferes with the 
ability of these proteins to pick up oxygen. The objectives of this 
project are to clarify the mechanisms by which relatively small doses 

of radiation modify the functioning of oxygen-carrying proteins and to 
determine the nature of the active site, i.e., what structural and 
chemical properties associated with the protein-bound copper enable the 
oxygen-carrying protein to function. This work is important for an 
understanding of the mechanisms of radiation injury and repair phenomena 
as well as energy-transfer mechanisms. 


The methods employed in these studies include the use of gamma radiation 
from a cobalt-60 source. Oxygen-carrying in hemocyanins is measured 
spectrophotometrically. Removal of oxygen from hemocyanin is carried 
out by bubbling oxygen-free helium through the solution. Selective 
removal of free radicals produced by irradiation is accomplished by 
means of scavenging agents. Thus, sodium formate removes the oxidizing 
OH radical while sodium chloroacetate removes the reducing hydrated 
electron. The techniques of circular dichroism and NMR line broadening 
are employed to learn more about the active site itself, i.e., the 


site in the protein containing the oxygen binding copper. 


Stgntficant Results: In studies with solutions of hemocyanin it has 

been shown that the ability of hemocyanin to carry oxygen depends on the 
apparent oxidation state,of the copper. When the protein-bound copper 

is in a lower oxidation state, the +l cuprous form, the hemocyanin picks 
up oxygen. However, when the copper is promoted to a higher oxidation 
state, the +2 or cupric form, before combination with oxygen, hemocyanin 
does not pick up oxygen. It turns out that irradiation transforms 

cuprous copper to the non-oxygen carrying cupric state by producing oxi- 
dizing substances, either hydrogen peroxide when the oxygen is present, or 
the oxidizing hydroxyl free radical, which is formed even with oxygen is 
not present. Consequently by removing hydrogen peroxide or the OH radical, 
it is possible to prevent the loss of oxygen-carrying by hemocyanin 
during or after irradiation. 
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It is possible to restore the oxygen-carrying ability of radiation or 
chemically inactivated hemocyanin by giving the protein more irradiation. 
This seemingly strange result arises from the fact that irradiation in 
the presence of an OH scavenger permits the reducing hydrated electron 
to reduce protein-bound cupric copper to the cuprous state without 
competition from the oxidizing OH radical. It is also possible to 
enhance the radiation damage by removing the reducing radical, e.g., 
with chloroacetate, during irradiation. 


Of fundamental interest is the fact that in the case of hemocyanin 
(Limulus) obtained from one species of marine life, the horseshoe crab, 
irradiation does not restore the oxygen-carrying ability even though the 
copper of the inactivated protein is reduced back to the cuprous form. 

A variety of techniques has been applied in order to learn why horse- 
shoe crab hemocyanin is so different from other hemocyanins. It is 
found, for Limulus, for example, that its circular dichroism spectra, 
which provide information about the internal environment of the active 
copper sites, is uniquely different from other hemocyanins. It is 
postulated that the oxygen in Limulus is bound to the copper at the 
active sites in a different manner from that in other hemocyanins. More 
specifically, in the usual hemocyanin the oxygen molecule is held between 
two copper atoms while in Limulus the experimental observations are more 
consistent with a model in which the oxygen molecule is bound to one 
copper atom, which in turn is bound to another copper atom by a sulfur 
bridge. 


Finally, the results of the techniques known as NMR line-broadening 

has provided direct evidence for the presence of paramagnetic copper, 
essentially "cupric" copper, in oxyhemocyanin. In addition, it is 

found that the copper in oxyhemocyanin has two open positions available 
for binding of small molecules. Such information is needed to solve the 
problem of how an oxygen-carrying protein functions--a question funda- 
mental to the general problem of how a cell functions. 


Publtcattons: Schubert, J. and E. R. White, "Radiation of Hemocyanin: 
Inactivation and Reactivation of Oxygen Carrying Capacity," Science, 
155:1000 (1967). 


Schubert, J., E. R. White, and L. F. Becker, Jr., "Radiation Chemical 
Studies on Oxygen-Carrying Proteins: Hemocyanin,'' Advances in Chemistry 
Series, No. 81, 1968. 


Schubert, J., V. S. Sharma, E. R. White, and L. S. Bergelson, "Catalytic 
Decomposition of Hydrogen Peroxide by Copper Chelates and Mixed Ligand 
Complexes of Histamine in the Presence of Phosphate Buffer in the Neutral 
pH Region," J. Am. Chem. Soc., 90:4476 (1968). 
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Sharma, V. S. and J. Schubert, "'Catalatic Activity of Metal Chelates 
and Mixed-Ligand Complexes in the Neutral pH Region. I. Copper-Imidazole," 
J. Am. Chem. Soc., 91:6291 (1969). 


Sharma, V. S. and J. Schubert, "Statistical Factor in the Formation and 
Stability of Ternary and Mixed Complexes," J. Chem. Educ., 46:506 (1969). 


Sharma, V. S., J. Schubert, H. B. Brooks, and F. Sicilio, "Catalytic 
Activity of Metal Chelates and Mixed-Ligand Complexes in the Neutral 
pH Region. II. Copper-Histidine,"" J. Am. Chem. Soc., 92:822-826 (1970). 


Sharma, V. S. and J. Schubert, "Catalatic Activity of Metal Chelates 
and Mixed-Ligand Complexes in the Neutral pH Region. III. Copper 
Chelates with Bidentate and Tetradentate Amines,'' Inorg. Chem., 10: 
251-256 (1971). 


Schubert, J. and C. H. Ke, "Inactivation and Reactivation of Hemocyanin 
by Radiolytic OH and Sian "J. Am. Chem. Soc., 93:1282 (1971). 


Ke, Charles H. and Jack Schubert, "Radiation Chemical Studies of Hemo- 
cyanin in Oxygen-Free Media," Rad. Res., 49(3):507-520 (1972). 
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ABSORBED DOSE DUE TO INTERNAL Gordon L, Brownell 
RADIATION EMITTERS Massachusetts General Hospital 
Boston, Massachusetts 


RL 00114-03 


Project Desertptton and Objectives: This project is an investigation 
of advanced methods of dose calculation for the estimation of radiation 
dose resulting from internally administered radioisotopes in nuclear 
medicine. The gamma ray dose calculations are based principally on 
Monte Carlo methods of gamma ray diffusion. Experimental observations 
are designed to corroborate the results of the Monte Carlo calculations. 


The rapid growth of nuclear medicine and the extension of techniques to 
the diagnosis of disorders of nearly every body organ has resulted in 
increased concern for precise estimation of radiation dose. Levels of 
activity are increasing due to the desire to obtain more statistically 
significant data to improve the diagnostic ability of these tests, 

and tests which were done on a research basis several years ago are 
now being performed wide scale on large numbers of patients. All of 
these reasons have dictated towards improved dosimetry techniques. 


The methods that have been developed in this study and the data that has 

' been generated have significantly altered the concepts and techniques 

of gamma ray dosimetry of internal emitters. The investigators have 
developed the concept of absorbed fraction and have, with others, generated 
large amounts of data to be used in practical clinical problems. The 
results of our efforts are strongly reflected in the publications of the 
MIRD Committee of the Society of Nuclear Medicine. 


Stgntficant Results: Their previous calculations of absorbed fraction 
in ellipsoids and cylinders have been extended to include small volumes 
and lower energies. They are currently working on the important problem 
of calculating dose from one organ to another using a procedure that 
they feel will be effective in a large range of clinical situations. 


Their studies on the experimental verification of absorbed fraction are 
continuing and they believe that this data will provide very useful 
confirmation of the theoretical calculations. This confirmation has 
long been needed and desired. 


The use of absorbed fractions, based on their prior work in this field, 
is becoming widespread for gamma ray calculations. They have essentially 
supplanted the previous techniques for such dose estimation. Forth- 
coming data on specific absorbed fraction and absorbed fractions from 
organ to organ will fill an equally important role in the calculation 

of radiation dose in nuclear medicine. 
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Publteattons; Brownell, G. L., W. H. Ellett and A. R. Reddy, Absorbed 
Fractions for Photon Dosimetry. MIRD Pamphlets No. 1-3, J. Nucl. Med., 
Supplement No. 1:29-39 (1968). 


Reddy, A. R., K. Ayyangar and G. L. Brownell, Absorbed Fractions, Specific 
Absorbed Fractions and Dose Build-up Factors for Dosimetry of Internal 
Photon Emitters. Health Phys. 17;295-304 (1969). 


Ellett, W. H. and R. M. Humes, Absorbed fractions for small volumes 
containing photon-emitting radioactivity. MIRD Pamphlet No. 8, 
J. Nucl. Med., Supplement No. 5, 12:27-32 (1971). 
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NEURAL DETECTION OF IONIZING Donald J, Kimeldorf 
RADIATIONS Oregon State University 
Corvallis, Oregon 


RL 00119-05 


Project Desertptton and Objecttves: Man and laboratory animals can 
detect very small amounts of ionizing radiations under certain 
circumstances. Available evidence suggests that detection occurs as 

a result of neural receptor stimulation. The objective of this investi- 
gation is to examine the problem of biodetection in primitive species 
with less differentiated nervous systems so as to provide information 
that is instructive in the interpretation of this phenomenon in man and 
other mammals. Both behavioral and electrophysiological techniques are 
employed to identify prompt responses to brief exposures and in the 
analysis of systems that serve usefully as biodetectors for the 
presence of ionizing radiations. 


Stgntficant Results: It has been found that the ability to detect the 
occurrence of brief bursts of x-rays is a more common phenomenon than 
has been suspected previously. A broad spectrum of organisms have 

been observed to react promptly to a brief burst of x-rays. A primitive 
coelenterate (the sea anemone), possessing only an aganglionic nerve 

net and no organized sense organs, can detect a one second burst at 

20 R/second. Several observations of this type indicate that a complex 
nervous system and highly specialized receptor organs are not essential 
for detection. In the first observation of its kind, the coelenterate 
was found to respond to the lower photon energies of the ultraviolet 
range as well as to energetic x-ray photons. This opens up the possi- 
bility that the x-ray energy transferred by excitation may stimulate 
photoreceptor systems and lead to radiation detection. The efficiency 
of radiation detection appears to improve with an increase in the 
differentiation of nervous system and specialization of receptor systems. 
For example, while 20 R elicits a response in the simple coelenterate, 
echinoderms, with moderately complex neural development, can detect 

an exposure to 5 R. Insects with highly developed sense organs (e.g. 
carpenter ants) will react to less than 1 R. Several systems have 

been found that are available routes for radiation detection in the 
lower forms. Based on electrophysiologic measurements, the dark-adapted 
eye of a crustacean has proven to be an especially sensitive detector 

of ionizing radiations. Electroretinographic responses to soft x-rays 
(70 kVp) occurred at the 35-40 mrads level, and responses to energetic 
beta radiations (2.26 MeV max.) occurred with only 1-2 mrads. Among 

the other highly sensitive detection systems are the antennae of 
insects. Ants respond immediately on x-ray exposure above a rate of 

100 mR/sec. The principle detection pathway has been found to be the 
olfactory sensilla, with radiation acting in or on the surface of these 
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receptors. There remains in insects, yet other pathways for detection, 
since removal of visual and olfactory pathways does not eliminate 
immediate responses to high rates of exposure. Detection of radiation 
has been observed clinically in patients under particular circumstances. 
Recently, astronauts have reported on visual reactions that appear to 

be elicited by cosmic radiations during lunar flights. Detection 
appears to be widespread in the animal kingdom and involves several 
sensory mechanisms. As yet, they have insufficient information on which 
to assess its significance in radiological health. 


Publications: Clark, E.D., and D. J. Kimeldorf, "Tentacle Responses of 
the Sea Anemone, Anthropleura xanthogrammica, to Ultraviolet and Visible 
Radiations," Nature, 227:856-857 (1970). 


Kimeldorf, D. J. and R. F. Fortner, "The Prompt Detection of 
Ionizing Radiations by a Marine Coelenterate,'' Rad. Res., 46:52-63 
(1974). 


Clark, E. D. and D. J. Kimeldorf, "Behavioral Reactions of the Sea 
Anemone to Ultraviolet and Visible Radiations," Rad. Res., 45:166-175 
(1971). 


Kimeldorf, D. J., M.C. Dedrick, R. W. Fortner, and D. L. Martinsen, 
"The Mortality Response of Three Invertebrate Species to Single X-ray 
Exposures," Rad. Res., 47:300 (1971). 


Martinsen, D. L. and D. J. Kimeldorf, "Antennal Involvement in the 
Prompt Detection of Ionizing Radiations by Insects," Rad. Res., 47: 
300 (1971). 


Martinsen, D. L. and D. J. Kimeldorf, "Conditioned Spatial Avoidance 
Behavior of Ants Induced by X-rays," The Psychological Record, 22: 
225-232 (1972). 
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REMOVAL OF AM-241 FROM HUMANS Jack Schubert 
WITH DTPA | University of Pittsburgh 
Pittsburgh, Pennsylvania 


RL 00122-04 


Project Description and Objectives: The objectives of this project 

are to increase the rate of elimination of Am-241 from several humans 
who were accidentally exposed, |and to develop a quantitative description 
of the removal of Am-241 from humans under treatment with the chelating 
agent, DIPA. These human cases provide unique opportunities for the 

in vivo measurements of Am-241 in various body compartments, and in 
excreta, as a function of time. The specific aims of this project 

area: (1) to obtain additional measurements of the body distribution, 
translocation, and retention patterns of Am-241 in human cases currently 
under DTPA treatment; (2) to assess the effectiveness of long-term 

DIPA treatment as well as any potential adverse effect; (3) to improve 
techniques for the quantitative measurements by whole-body counting 

and chemical analysis, and (4) to develop new and improved therapy for 
Americium and other toxic radioisotopes by employing a mixture of 
chelating agents, i.e., use of mixed ligand complexes. Data on the 
retention, translocation and elimination of Am-241 in humans under DTPA 
treatment are obtained from whole-body counting. Excretion of Am-241 

in urines are analyzed by a radiochemical method including: wet ashing, 
separation of Am-241, electrodeposition of Am-241, and a-counting. 


Stgntficant Results: An individual who had for several years annealed 
and compressed compacts containing Americium oxides was whole-body 
counted in May 1967 and found to have a body burden of 1.8 nCi (about 

2 x 107’ of the total quantity processed). Infusions of 1 g DTPA in 

250 ml saline were administered weekly from September 1967 to December 
1968. After 18 days without treatment, 0.5 g DTPA were given, by 
intravenous injection, twice weekly from January to April 1969, followed 
by a single 1 g DTPA treatment per week. In vivo wholebody counting 
data and excretion analyses by radiochemical method, as well as gamma 
counting of bulk urine samples, show that: 1 g DTPA per week continues 
to be effective (by at least a factor of five) in increasing excretion 
rates of systemic Am-241. It is found that treatment with 1 g DIPA 

per week removes Am-241 at a rate of 5.5 nCi per week. This removal 
rate was the same for two 0.5 g DTPA treatments per week as for a single 
1 g DIPA treatment per week. Mathematical models are being fitted to 
the dynamic changes in organ content and excretion rates to obtain a 
general quantitative formulation of Americium metabolism for use in 
internal dose estimation and treatment planning. To date, more than half 
of the initial body burden has been eliminated. So far, no adverse side 
effects have been noted on this individual. 
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Urinary excretion of zinc of this same individual with and without 
DTPA treatment have been studied by analysis with atomic absorption 
spectrophotometry. It is found that DTPA treatment enhances urinary 
excretion of zinc by a factor of 20-25. The enhanced zinc excretion 
is estimated to be about 30-50 percent of normal dietary intake. The 
patterns of daily urinary zinc excretion, under DTPA treatment, are 
found to be very similar to that of Am-241. 


Publteattons: Bukovitz, A. G., J. A. Sayeg, A. A. Spritzer and 
A. Brodsky, "Effective Transmission of the Human Thorax for Photons from 
239py, 24lam, and other Low-Energy Emitters," Health Phys., 17:71 (1969). 


Horm, Imogene F., ''An Improved Method for Americium Analysis in Urine," 
Health Phys., 20:641 (1971). 


Horm, Imogene F., "Techniques for Separating Americium from Urine After 
DTPA Therapy,'’ Health Phys., 21:41 (1971). 


Schubert, J., "Radioelement Metabolism and Decorporation as Influenced 
by Chelation and Mixed Ligand Complexes--Rapid Experimental and Calcu- 
lative Approaches to Predict In Vivo Behavior," in Radiobiology of 
Plutonium, W.S.S. Jee and B.J. Stover, Eds., University of Utah 
Printing Service, Salt Lake City (1972). 


Fasiska, Barbara C., D. E. Bohning, A. Brodsky and J. Horm, "Urinary 
Excretion of 2+!4m Under DIPA Therapy," Health Phys., 21:523-529 (1971). 
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STUDIES OF THERMOLUMINESCENT | Thomas G. Stoebe 
DOSIMETER SYSTEMS University of Washington 
Seattle, Washington 


RL 00125-04 


Project Desertption and Objecttves: The objective of this research 
program is to improve the usefulness of thermoluminescent dosimeter 
systems in the detection of ionizing radiation and to extend this 
capability to non-ionizing regions of the electromagnetic spectrum. 
Current work includes thermoluminescent studies in a number of materials 
after x-ray and ultraviolet irradiation, in crystals with carefully 
controlled impurity concentrations and lattice defect structures. The 
techniques used include thermoluminescence measurements, ionic con- 
duction, nuclear magnetic resonance, ionic thermocurrents, and optical 
absorption. These studies provide basic scientific knowledge regarding 
the relation between defect-related properties and thermoluminescent 
processes while supplying the necessary understanding for the develop- 
ment of improved thermoluminescent radiation dosimeter crystals. 


Stgntficant Results: Thermoluminescent radiation dosimetry utilizes the 
light-emitting properties of solids when heated following irradiation. 
LiF is highly useful in this regard and is now widely used in radio- 
logical health applications. LiF does suffer, however, from variation 
in sample sensitivity and from a non-linear thermoluminescence vs. dose 
response. 


Current results have shown that thermoluminescent response varies 
markedly with heating temperature, cooling rate, and atmosphere during 
annealing treatments. Correlation of the thermoluminescent response 
with ionic conductivity results has enabled the identification of the 
lattice defects responsible for the major dosimetry peaks in LiF as 
impurity-vacancy complexes. This knowledge will aid in the elimination 
of many of the sensitivity problems encountered in practice. 


Current results also show that hydroxide ion impurities decrease the 
sensitivity of thermoluminescence in LiF. The association of OH-ions 

to an impurity-vacancy complex changes the thermoluminescent character- 
istics of the complex, reducing the resultant thermoluminescent output. 
The presence of a significant concentration of impurity-vacancy-OH 

ion complexes is also found to eliminate the non-linear thermoluminescence 
vs. dose response in these crystals. This is highly significant to 
radiation dosimetry, since a wider range of linear response allows for 
greater ease in use. 


Further studies in other material systems including LiyB,07,Mg0,A1 703 
and CaF, have also been performed. Studies on a particular type of 
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Alj03 have shown the property that the peak temperature of the major 
glow peak is dependent upon the radiation dose. This may be impor- 
tant in future dosimetry development, since a dosimetry system based 

on peak temperature rather than peak height or integrated thermo- 
luminescent output could be very useful in certain specialized applica- 
tions. A dosimetry system based on this idea could be used with any 
material in which a thermoluminescent peak temperature changes with 
exposure. Such a system would be of greatest use for a material that 
shows the greatest change in peak temperature with exposure. 


Investigations of other dosimetry materials which may be useful in 
other regions of the electromagnetic spectrum are currently underway. 
MgO has promise for use as a direct ultraviolet radiation detector, 
and a survey of other materials is in progress. 


Publteattons: Stoebe, Thomas G. "Distribution of Hydroxide Ions in 
Doped Alkali Halide Crystals," J. Phys. Chem. Solids, 31:1291 (1970). 


Guilmet, G. M., T. G. Stoebe and H. I. Dawson, "Effect of Quenching 
Temperature and Rate on Thermoluminescence in High Purity Lithium 
Fluoride," Health Phys., 19:582 (1970). 


DeWerd, L. A. and T. G. Stoebe, "Comment on 'Supralinearity and 
Sensitization of Thermoluminescent Phosphor Lithium Fluoride’," 


J. iPhys:D. “Appl. .Phys .;.:46L31 41971). 


DeWerd, L. A. and T. G. Stoebe, "The Influence of Hydroxide Ion 
Impurities on Thermoluminescence in Lithium Fluoride," Proceedings of 
the Third International Conference on Luminescence Dosimetry, 

October 1971, Roskilde, Denmark. 


DeWerd, L. A. and T. G. Stoebe, 'Thermoluminescent Properties of Solids 
and Their Applications," Am. Sci., 60(3) :303-310 (1972). 


DeWerd, L. A. and T. G. Stoebe, "The Emission Spectrum of LiF (TLDO100) 
at Low and High Exposures" Phys. Med. Biol., 17(2):187-192 (1972). 
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TIME-RADIATION DOSE RELATIONSHIP Richard L. Witcofski 
TO BIOLOGIC DAMAGE Bowman Gray School of Medicine 
Winston-Salem, North Carolina 


8 RO1 RL 00129-04 


Project Description and Objectives: The objective is to determine if 
the response of biologic systems to radiation is related to the time 
period over which the radiation dose is delivered. Using mitotic 
inhibition and production of chromosomal abnormalities in regenerating 
rat liver as the endpoints for study, they are comparing the effects of 
x-irradiation delivered immediately to irradiation over longer time 
periods from clinically important radionuclides of varying half lives. 
There is a growing tendency to use ever-shorter lived radionuclides 

in larger amounts in patient diagnosis in nuclear medicine. Potential 
harmful effects are estimated at present only on the total dose 
delivered to the patient with no regard to the time interval over which 
the dose is delivered. This research would help establish if a poten- 
tially important time-dose relationship is being overlooked in the 
wide-spread clinical use of short-lived radionuclides. 


Stgntficant Results: Using the capacity of liver cells to divide and 
the production of chromosomal aberrations (bridges) as endpoints, our 
results compare the effect of a given dose of radiation when it is 
delivered at differing dose rates. The irradiation will be given as an 
essentially instantaneous x-ray dose to the hepatic region of the rat 
or by radioactive colloids of differing half-lives which are deposited 
in the liver after intravenous injection. 


The initial studies of the effects of x-ray on regenerating rat liver 
demonstrated a number of concepts necessary to other researchers using 
this system for radiobiologic experiments. After partial hepatectomy 
there is great variability in the levels of both DNA synthesis and 
mitosis. These variations make the demonstrating of the effects of 
radiation difficult. Mitosis is more radiosensitive than DNA synthesis 
and is completely inhibited after 500 rads of x-ray during early phases 
of mitotic activity. A dose of 250 rads did not completely inhibit 
mitosis. Persistent chromosomal aberrations were produced in consis- 
tently large numbers by x-ray (approximaely 20 percent of the anaphase 
and telophase figures demonstrated bridges). Thus, these observations 
indicate that mitotic inhibition and production of chromosomal 
aberrations are appropriate endpoints when regenerating liver is used 
for studies of radiation effects. 


Based upon organ distribution studies after the intravenous injection 
of radioactive Gold-198 and Indium-113m colloids, they were able to 
calculate the dose to the livers of rats after treatment. They compared 
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the effectiveness of the same radiation dose delivered in a few minutes 
with x-ray, over a few hours with Indium-113m, or over 18 days with 
Au-198. The production of persistent chromosomal aberrations was used 
as an endpoint and data was obtained from 1000 rads down to 125 rads. 


These studies indicate that irradiation with x-rays and Indium-113m 
is approximately twice as effective as Gold-198 in inducing chromo- 
somal bridges in the dose range studied. The relationship of damage 
to dose appears to be linear. This provides specific evidence for a 
time-dose effect in the production of persistent cellular damage, 
indicating that a potentially important time-dose relationship may 
exist in the clinical use of radionuclides. 


Publteations: Pizzarello, D. J. and R. L. Witcofski, "Regenerating rat 
liver: a good system for radiobiological studies,'"' Radiology 100:163-167 
C1971) 
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ALTERATION OF MUTATION RATE IN Walter J. Burdette 
MAMMALS University of Texas 
Houston, Texas 


RL 00133-03 


Project Desertption and Objectives: Based on results with lethal mutants 
induced in Drosophila, a large-scale study was carried out to determine 
whether it is possible in mammals to reduce mutation rate induced by 
irradiation significantly by materials that are nontoxic, in therapeutic 
doses. The effect of antibotics on dominant lethal mutations produced 

by irradiation in mice and the effect of the gnotobiotic state on mutation 
rate after irradiation has been carried out in the course of the study. 


Stgntftcant Results: The administration of Actinomycin D, an inhibitor 
of RNA synthesis, and Puromycin, an inhibitor of protein synthesis, in 
dosages that were nontoxic inhibited the number of dominant lethal 
mutations induced by X-irradiation in mice. More recent experiments 
have been conducted in which the numbers of mutations induced by 
irradiation in axenic animals was compared to the number of dominant 
lethals induced in those exposed to the ambient atmosphere. 


Bateman's method for scoring dominant mutations was utilized in this 
latter study and mutation rates after irradiation were found to be lower 
in axenic than in conventional groups. Males were divided into five 
groups: those irradiated and given Actinomycin D two hours before and 
two hours after irradiation, those treated with X-irradiation and given 
Puromycin two hours before and two hours after treatment, and those 
irradiated only. Fourteen days after irradiation the isolator seals 
were broken and the male mice mated to six conventional females each 

for five days. Celiotomy was performed on the females and results 
tabulated 18 days after mating. The difference in numbers of dominant 
lethal mutations found in those animals given antibiotics was not different 
in germ free and conventional groups. 


Publtcattons: None. 
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CHEMICAL RADIOPROTECTION Richard C. Riley 
FEASIBILITY STUDY University of Kansas Medical 
Center 


Kansas City, Kansas 
RL 00405-02 


Project Desertption and Objecttves: Chemicals are usually tested for 
radioprotective ability by measuring 50 percent mortality in 30 days 
in large groups of animals. This project is designed to determine the 
feasibility of using the stem cell system in the polycythemic mouse 

as a test system for radioprotective action. If the model proves 
feasible, it should be possible to rapidly (five days) assess radio- 
protective ability of chemicals to sub-lethal doses; in particular, 
doses which humans can be accidentally or purposefully exposed. 


Stgntficant Results: Chemical toxicity data have been obtained for 
intraperitoneal and intravenous injection of AET, MEA, 5-HT, and WR-2721. 
Experiments were then performed to determine the optimum time to inject 
the chemical before irradiation. These chemicals have been tested using 
both lethality and percent iron incorporation in stem cells as biological 
end points. The optimum time interval between administration of the 
radioprotector and irradiation is the same for both.stem cell response 
and lethality; probably reflecting hematopoietic system involvement in 
mortality at the LDspg level. 


Chemical radioprotection has been demonstrated for each agent at doses 
below 200 rads. This is well below the LD59/30 Of 700 rads for the MCR/ICR 
mouse used in these experiments. Radioprotection is also seen in the 
50-100 rad range with both AET and WR-2721. 


The primary concern for irradiation of human populations is with genetic 
and hematopoietic effects. The results of this study may be applicable 
to situations where humans are exposed to significant, but sub-lethal 
radiation doses. 


Publtcattons: None. 
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EFFECT OF MICROWAVES ON ENZYMES Albert P, Sheppard 
Georgia Institute of Technology 
Atlanta, Georgia 


RL 00412-02 


Project Desertptton and Objectives: To investigate the effects of 
radiation of frequency 0.1 megacycles to 1000 megacycles on protein. 


Stgntficant Results: A sample of buffered lysozyme or trypsin was 
irradiated with microwaves. A second sample was heated by a coil 

to the same temperature as the former. An unheated sample was the 
control. Subsequent enzyme assays showed significant inactivation in 
the two kinds of samples heated to above 60°C for two hours. Micro- 
wave heated and coil-heated samples showed the same degree of 
inactivation. Thus, they found no evidence for anything other than 
purely thermal effects of microwaves on enzymes. 


They are building the necessary equipment to study the effects of 
megacycle range radiation on enzymes. 


Publtcattons: Huddleston, G. K.,J. B. Langley, A. Sheppard, and E, Yeargers, 
"The Effects of Microwaves on Equipment," Proceedings of the 1972 Purdue 


' Symposium on Electromagnetic Hazards, Pollution and Environmental Quality, 
Lafayette, Indiana (May 8-9, 1972). 
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CURRENT TRENDS IN SURVIVORSHIP Genevieve M, Matanoskt 
OF RADIOLOGISTS Johns Hopkins University 
Baltimore, Maryland 


RL 00433-02 


Project Deseription and Objectives: The study design of the project 
compares the mortality of a cohort of physicians specializing in 
radiology to that of five other types of specialists. All are 
identified by the year of entry into a specialty society beginning with 
the data from a previous study by Drs. Seltser and Sartwell which 
established the membership rosters of these organizations from 

about 1915 through 1954. It is the plan of the current study to update 
that original population, adding new entries into the five specialty 
societies beginning with 1955 and determining the present status of the 
original membership. The specific aims of the study are: 


1. To determine whether ionizing radiation is currently 
producing life-shortening effects in exposed physicians. 


2. To determine whether current safety measures have 
reduced the hazards of radiation in the newer members 
of the specialty. 


3. To examine the underlying cause of death to see whether 
radiologists still have an increased risk of dying of leukemia 
and other forms of cancer. 


4. To utilize multiple and contributory causes of deaths in order 
to better quantitate the overall risk of a specific disease 
in radiologists as compared to other specialists. 


Stgntficant Results: At the present time, the updating of information on 
3 of the societies is completed. These societies include the radiologists 
(RSNA), the opthaalmogists and otolaryngologists (AAOO), and the ortho- 
pedic surgeons (AAOS). A preliminary comparison of the age-specific 
mortality of the RSNA and the AAOO revealed that the excess mortality 

for radiologists does not appear until age 55 for the cohorts entering 

the societies before 1955. The excess risk of death then continues 

into the older ages. The mortality ratios for the age groups 50-64 and 
65-79 are 1.1 and 1.3 respectively for the calendar time period 1955-64. 

A recent analysis of the age-adjusted death rates for all cancers revealed 
that the mortality ratios for this specific group of diseases in the same 
age groups are 2.5 and 1.3. 
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Although the data are still preliminary, an initial analysis suggests 
that for radiologists who have joined the specialty from 1915 through 
1954, and who have lived to the ages of 50 or more during the three 
decades beginning in 1935 and ending in 1964, a small but persistent 
excess risk of mortality exists. The excess risk which is attributable 
to cancer is probably not sufficiently large to account for all of the 
difference in mortality. 


Publteattons: None. 
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BASIC EFFECTS OF MICROWAVES Alan Van Heuvelen 
IN BIOLOGICAL SYSTEMS New Mexico State University 


Las Cruces, New Mexico 
RL 00480-02 


Project Deseriptton and Objectives; The overall objective of this work 
is to determine if microwaves cause non-thermal biochemical effects. 

If effects are observed, the frequency and intensity dependence of the 
effects will be studied. 


Enzyme kinetics and enzyme systems are being analyzed using microwaves 
ranging in power from 0 to several watts and in frequency from 10 mHz 

to 10gHz. The main tools being used are optical spectroscopy, electron 
paramagnetic resonance (EPR) and electron double resonance (ELDOR). Non- 
thermal effects of microwaves under consideration are: conformational 
changes in proteins; changes in protein mobility in polar solvents due 
to the presence of microwaves; selective absorption of microwaves by 
vibrational modes in proteins; orientational effects of microwaves on 
enzymes; and others. 


Stgntficant Results: This project has been funded for only one year. 
During that time much effort has been spent in building equipment. 

An optical system has been built for monitoring enzyme reaction rate 
changes caused by microwaves. They have also done some work in auto- 
mating their electron double resonance (ELDOR) apparatus. 


In addition to building equipment they have been able to make some prelimi- 
nary measurements on two enzyme systems. They have used the optical 
equipment to look for enzyme reaction rate: changes caused by microwaves 

for the enzymes tyrosinase and alcohol dehydrogenase. Microwave frequen- 
cies used have been 10-50mHz and 8-10gHz. Microwave power of one watt or 
less has been used. They have to date observed no microwave dependent 
effects on enzyme reaction rates. 


Publications: None. 
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RADIOIODINE DOSIMETRY IN A. Bertrand Brill 
THYROTOXICOSIS Vanderbilt University 
Nashville, Tennessee 


RL 00511-01 


Project Description and Objectives; The project is designed to produce 
estimates of the absorbed radiation dose received by thyrotoxic patients 
given diagnostic and therapeutic doses of I-131. The patient material 
is derived from the cooperative) thyrotoxicosis therapy follow-up 
sponsored by the USPHS-Bureau of Radiological Health. A time varying 
model of iodine kinetics is being fitted using Berman's SAAM-25 program. 
An attempt will be made to relate the derived parameters and radiation 
doses to severity of the disease and the outcome of therapy. 


Stgntficant Results: Project started in May 1972. The work to date 

has focused on the development of a mathematical model which is 

adequate for both therapy and diagnostic doses. The initial studies 
have been carried out on selected study patients who have been 

studied over a prolonged time period. The results of the first 3 months 
efforts indicate the approach is sound, and useful results should be 
forthcoming. 


The results of this study will contribute to two separate questions. 


1. I-131 dosimetry in patients treated with radioiodine 
for thyrotoxicosis. 


2. Radiation injury to be expected from large dose accidental 
exposures from radioiodine. 


Publtecattons: None. 
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THE CYTOGENETICS OF URANIUM MINERS Willtam F. Brandom 
EXPOSED TO 222RADON University of Denver 


Denver, Colorado 


RL 00520-02 


Project Descriptton and Objectives: High-energy alpha particles from 
short-lived 222Radon daughters cause a significant increase in the 
incidence of lung cancer in uranium miners. The objectives of the 
study are: (1) to determine the kinds and frequency of somatic cell 
mutations caused by long-lived radon daughters in non-lung cells 
(leukocytes), (2) determine whether there is a relationship between 
estimated cumulative radiation exposure and the prevalence of chromo- 
somal changes and, (3) to evaluate the persistence of cells with 
aberrant chromosomes after cessation of uranium mining. 


Stgntftcant Results: They have cultured the leukocytes of over 200 
uranium miners and age-matched controls. Work and medical histories 

have been gathered on all individuals. Chromosomal analyses (numerical 
and structural changes) have been completed on 140 individuals from this 
population. The results from 30 uranium miners and controls are in 
press. In the initial report it was concluded that the uranium miners as 
a group significantly exceed the controls in all categories of numerical 
and structural chromosomal changes. New findings have resulted from 

the analysis of the increased population. The subjects are grouped 

into 4 groups according to estimated cumulative exposure expressed in 
Work Level Months (WLM: 1 >0-499; II 700-1400; III 1600-2900; and, 

IV >3000). Comparison of the prevalence of chromosomal aberrations 
between miners of the above exposure categories reveal differences 
between the groups. There is a linear increase in aberration frequencies 
in Groups I, II, III. There is no further increase in chromosomal 
aberration frequency with radiation exposure in excess of 2900 WLM. 

The majority of the miners in Group IV ceased mining years ago 

(av. time - 6.8 yrs.). Perhaps post-mining selective loss of some 

cells containing particular kinds of aberrations accounts for the 
plateau dose-response effect. There is indirect evidence that some 
chromosal aberrations survive longer jy yjyo than others. Inter- and 
intra-chromosal exchanges are of two types: (a) symmetrical (reciprocal 
translocations and inversions) and, (b) asymmetrical (dicentric and ring 
chromosomes). The probability of the occurrence of symmetrical exchanges 
is significantly greater than asymmetrical exchanges (more than twice), 
indicating selective deaths of cells containing asymmetrical exchanges. 


Uranium miner cells have a greater prevalence of chromatid (sub- 
chromosal) aberrations (breaks, deletions, minutes, and exchanges) than 
do the control cells. There is no correlation between the prevalence 
of chromatid aberrations and estimated cumulative exposure groups. 
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Current uranium miners show a greater preyalence of chromatid aberrations 
than do uranium miners who have ceased uranium mining (0.030/cell vs 
0.015/cell1). Chromatid aberrations are supposedly induced during the 
late-S or Gp phases of the cell cycle. Im vtvo peripheral blood lympho- 
cytes are in the G, or G, stage of the cell cycle. Thus, the chromatid 
aberrations that we observe after tn vittro culture have either been 
induced in culture or may have been induced by an indirect effect of 
radiation, the postulated "plasma factor." 


In summary, significant increases were observed in chromosomal aberrations 
in uranium miners vs age-matched controls. A linear increase was observed 
in chromosomal aberrations with increasing radiation exposures up to 2900 
WLM, Cells containing symmetrical chromosomal exchanges survive longer 

tn vtvo than cells containing asymmetrical exchanges. Chromatid aberra- 
tions are more prevalent in miners who are currently mining than in miners 
who have ceased mining. All analyses of the 14,000 cells in this study 
were done without prior knowledge of individual histories. It is pre- 
mature to assess the late-effect, health hazards from these anomalies. 


Publications: None. 
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RADIATION DAMAGE METABOLISM IN Valerio Monest 
REPRODUCTIVE SYSTEM University of Rome 
Rome, Italy 


RL 00526-03 


Project Desertptton and Objecttves: The general objective of the research 
project is to investigate the effects of ionizing radiation on the mitotic 
and meiotic cycles and to study those molecular events which might control 
the sensitivity to radiation damage and the repair mechanisms at definite 
stages of the mitotic cell cycle and germ cell development. The study 
will involve a biochemical analysis of macromoleculr synthesis during 
mitosis and meiosis in the mouse and the evaluation of some radiation 
effects on somatic and germ cells. 


Stgntftcant Results: The research work has developed along the following 
lines: (1) Characterization of macromolecular synthesis and metabolic 
requirements during early embryogenesis in the mouse. This work has shown 
that RNA is synthesized very soon after fertilization and that these RNA 
molecules are immediately requested to support embryonic development and 
protein synthesis by the embryo. However, our work suggests the possi- 
bility that a fraction of protein synthesis during early development 
might be dependent on stable RNA molecules synthesized during oogenesis. 
This fact might be relevant for the radiation sensitivity of the early 
embryo to ionizing radiation. (2) Analysis of molecular events during 
differentiation of male and female germ cells which might affect the 
radiation sensitivity of the repair mechanisms. It was found that the 
genetic inactivation of the spermatid nucleus is accompanied by the 

arrest of synthesis of nuclear proteins and the elimination of most 
macromolecular components from the chromosomes except the DNA and the 
histone. Spermatid development after this stage is regulated by stable 
RNA molecules synthesized in meiosis. These metabolic changes are most 
likely very important factors for the radiation response of germ cells 

and for the subsequent embryonic development after irradiation at definite 
stages of gametogenesis. Another work under progress indicates that in 
mouse spermatocytes the nucleolus is inactive in ribosomal RNA synthesis. 
On the other hand spermatocytes do contain radioactive rRNA after short 
labeling with 32p, One possible explanation of these findings is that the 
rRNA present in spermatocytes is transferred from the Sertoli cytoplasm. 


A third line of research still under progress is aimed to study those 
molecular events (stable RNA molecules?) in mouse oogenesis which might 
affect early embryonic development following fertilization of irradiated 
oocytes. 
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BRACON, AN ASSAY FOR GENETIC Lawrence R. Valcovte 
EFFECTS OF MICROWAVES Auburn University 
Auburn, Alabama 


RL 00527-01 


Project Descrtptton and Objectives: To assay the genetic and physio- 
logical effects of 2450 MHz radiations using the parasitic wasp, 
Bracon hebetor. Experiments are designed to survey mature sperm and 
all stages of oogenesis for mutational effects, particularly dominant 
lethality, recessive lethal and visible mutation frequencies, and 
inherited partial sterility. Additional data will be collected on 
life span and heritable biochemical differences as detected by starch 
gel electrophoresis. 


° seas 2 
Stgntficant Results: Adult females were irradiated at 200 mW/cm for 30, 


60, 90, 120, and 150 minutes. Life span, fecundity, and fertility of 
irradiated females was not significantly different from control data. 


Publteattons: None. 


what per 

si tag beak 
‘tusd bee Sih 
ue WOT odqoxde 


i? 





59 

QUANTITATIVE EFFECTS OF EM ENERGY Arthur W. Guy 

ON HUMAN TISSUES University of Washington 
Seattle, Washington 


RL 00528-03 


Project Deseription and Objectives: To study theoretically and experi- 
mentally the interaction of electromagnetic (EM) radiation with biological 
structures to aid in the development of realistic guidelines and safety 
standards. Of primary interests are the quantifiable effects of human 
exposure to EM energy as related to the source frequency, configuration, 
location and field strength. This would involve controlled exposure of 
test animals to selected sources of EM energy at both low and high levels 
while monitoring the energy in the tissues. Physiological characteristics 
(i.e., evoked central nervous system responses) of the animals will be 
observed before, during, and after exposure to the EM sources. Through 

the use of theoretical and thermographic models it is the intent to establish 
quantitative extrapolation between human and animal exposures. Further-. 
more, it is intended to evaluate the design of diathermy machines in current 
clinical usage. Any potentially hazardous defects will be noted and 
corrected to make the equipment safe and still therapeutically beneficial 
to the patient. 


Stgntficant Results: Exposure of cat's head to 918 MHz microwave irradi- 
ation was found to induce increases in brain temperature with maximum 
change occurring in the thalamus and hypothalamus region. The temperature 
increase was accompanied by a decrease in latency time of late components 
of the evoked responses to electrical stimulation of somatosensory 
receptors in the cat's contralateral forepaw and auditory stimuli. The 
fields and associated heating patterns were found to have maximum ampli- 
tudes near the center of the brain. This is accomplished through the use 
of thermocouples on live cats as well as the use of thermographic 
recordings on half sections of dead cats. When the maximum heating inten- 
sity approached 5 mW/cm3 significant changes in the characteristic of 
evoked central nervous system response, (i.e., reduction of latency and/ 
or in amplitude) were observed and measured. These same effects were 
also found when the cat was exposed to energy levels corresponding to 

the American National Standards Institute safety lével of 1 mW hr/cm. 
The maximum energy absorption in the cat's brain due to each of these 
exposures was 0.3 to 1 mW hr/cm3. Calculation made on spherical 

models of human and animal heads and bodies indicate that for a given 
incident power the internal power absorption can vary by orders of mag- 
nitude with body size and frequency. In addition, it was found that the 
mammalian head resonates at certain microwave frequencies which explains 
clearly the observed temperature maxima in the center of the cat's brain. 


60 ; 
The choice of recording electrodes of different composition was 

observed to be of crucial importance. Fluid filled glass electrodes 

of ionic concentration other than Ringer's solution (say 4 molar), 

when irradiated with EM energy were found to produce artifacts as 

data. This effect may be due to driving ions out of the recording 
electrodes into the vicinity of cells, thus affecting their excitability. 
Insulated metal electrodes have also been found to yield unorthodox 


responses. 


Publicattons: Johnson, C. C. and A. W. Guy. Nonionizing Electromagnetic 
Wave Effects in Biological Materials and Systems, Proc. IEEE, 60(6) :692- 


429, (1972) 


_—_ 
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RESEARCH ON CUMULATIVE MICROWAVE Richard W. Grow 
RADIATION EXPOSURE University of Utah 
Salt Lake City, Utah 


RL 00534-01 


Project Desertptton and Objectives: The objective of this project 

is as follows: To make a frequency-insensitive and orientation- 
insensitive microwave power detector, to integrate the detected power 
to measure cumulative exposure, and to obtain reliability in an 
instrument that is small enough to be worm on the person. Both 
theoretical and experimental research are being conducted to find 
ways to solve these problems. Some specific methods for measuring 
cumulative exposure that are being investigated are based on electro- 
chemical coulometers, capacitor chargers, and digital counters to 
integrate the exposure with time. 


Stgmficant Results: Microwave devices have been widely used in the 
military services and in civilian applications for about 30 years, and 
personnel exposed to microwave radiation have suffered burns that were 
slow in healing because of the depth of penetration. Despite this known 
hazard, researchers, development engineers, and technicians have observed 
only a few safety procedures; i.e., avoiding looking down open-ended 
waveguide, staying away from a high-power antenna, etc. Beyond these 
obvious rules, however, a “can't hurt me" attitude persists. Microwave 
ovens threaten to change the number of possible exposures, and the 
construction of very high-power antenna facilities in areas where 
exposure to the populace is possible have increased the hazard. In 

the past, little effort has been expended on constructing a device 
specifically designed to measure low-power cumulative exposure. This 

is the object of the present project. 


In the case of ionizing radiation, film badges and radiation pens have 
been used for years. It is in analogy to the ionizing radiation pen 
that the present work was conceived. The specific objective will be 
to produce such a cumulative radiation dosimeter. The wearing of 

such a pen would become routine among factory workers exposed to 
microwave radiation and it would also become routine for personnel 
working around such hazards. 


It is envisioned that the instrument will be placed adjacent to the 
person, perhaps in the shirt pocket, and the antenna will be able to 
measure the square of the electric field intensity at the surface. 
Thus, the instrument will measure a quantity proportional to power 
and integrating the power will give the total energy flowing into the 
person wearing the dosimeter. 
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Design of the first prototype has been completed and construction of a 
prototype is in process. The prototype consists of three short, 
orthogonal dipole antennas, square-law diode detectors, and a micro- 
coulometer. The three orthogonal antennas and square-law detectors act 
to pick up the radiation and detect it, producing a signal proportional 
to the incident power. The microcoulometer is an integrating device 
which consists of an electrolytic bubble in a mercury colum in a capil- 
lary tube. The detected radiation produces a dc current, which is 
integrated and registered by the microcoulometer, thus providing a 
reading of the total energy to which the meter has been exposed. The 
whole device can be made small enough to fit inside an ordinary pen, 
and it can be made rugged enough to be very practical. 


Publteattons: None 
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AUTOMATED CYTOGENETIC RADIATION Niel Wald 
HEALTH MONITORING University of Pittsburgh 
Pittsburgh, Pennsylvania 


RL 00575-02 


Project Description and Objectives: The goal of this project is to 
develop an automatic cytogenetic analysis system for radiation health 
monitoring purposes in order to make feasible the use of readily 
generated quantitative information concerning chromosome aberrations in 
appropriate populations. Such populations include workers in the nuclear 
industry, members of the public inadvertently exposed to accidently 
released radioactivity, people whose living environment is demonstrated 
to contain a higher level of radioactivity than the usual and individuals 
undergoing medical x-ray or radioisotope exposure. Cultured cells or 
populations exposed to other clastogens (chromosome breaking agents) can 
also be studied this way. The project involves the development of an 
automatic microscope to scan blood cell cytogenetic slide preparations, 
locate dividing cells and collect the information by flying spot scanner 
in a computer-compatible form; systems engineering to control the micro- 
scope with a PDP-7 computer and to transfer the information to a PDP-10 
computer system; and software development for storage, manipulation, and 
analysis of cytogenetic data, as well as its correlation with environ- 
mental exposure and health data of the populations under study. 


Stgntficant Results: In the six months since this project began, develop- 
ments have commenced in two main areas. These are automatic location of 
mitotic peripheral blood cells; and computer identification of the impor- 
tant radiation-related chromosome aberrations. 


For mitotic cell location the investigators have begun the modifications 
needed to improve the performance of our automatic microscope which uses 
a laser to generate diffraction patterns of objects on the usual cyto- 
genetic slide preparation. Utilizing a new combination of mitotic cell 
recognition criteria involving scattered light and cell width measure- 
ments, the investigators were able to reject 98 percent of artifacts 
while finding all the mitotic cells in a preliminary test set. Also, 

it was found that 76 percent of the mitotic cells below the mean width 
had overlapping chromosomes compared to 39 percent of those above, 
permitting rejection of the majority of cells unsuitable for cytogenetic 
analysis because of overlap. In addition, tentative alterations in the 
location and aperture of the substage condenser assembly appear to pro- 
vide a marked gain in resolution for subsequent image data extraction. 


For computer recognition of major radiation-induced aberrations (rings, 
dicentrics, and fragments) they are doing some preliminary investigation 
of a scheme of two-level classification. In the first level, they have 
used three parameters, namely, integrated optical density, ratio of the 
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moment about the principal axis to that about the minor axis, and 
perimeter squared divided by area, to sort out chromosomes into three 
classes and to pick out candidates for classification as fragments, 
dicentrics and rings. In the second level, using Fourier transforms of 
the two intensity profiles of each object, they have identified some 
distinctive attributes in the Fourier spectra which can be used to 
perform feature extraction for distinguishing the abnormal chromosomes 
from the normal ones. 


Publteations: None. 
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EFFECTS OF MICROWAVES ON CNS, Ernest N, Albert 
LIVER, AND HEART George Washington University 
School of Medicine 
Washington, D.C. 


RL 00583-01 


Project Deseriptton and Objectives: The overall objective is to 
determine the nature and extent of reversible and irreversible effects 
in biological tissues (CNS, Heart, and Liver) after irradiation with 
microwaves of 2450 MHz at power densities of 5 <- 50 mW/cm*. The obser- 
vations are being made with the electron microscope and ultrastructural 
morphology correlated with biochemical determinations (ATP utilization 
and protein synthesis). 


Stgntfteant Results: Microwaves are increasingly being used in communi- 
cation, industry, home, and military and as a result large numbers of 
the American people are daily exposed to microwave radiation. The 
biological effects of microwaves are at best very poorly understood. 

The lack of knowledge about the biological effects of microwaves 
manifests itself in the disparity between safety standards of the 

Soviet block and the United States. The USA allows a continuous 
exposure of 10 mW/cm*, while the USSR and Poland allow .01 mW/cn?. 


The approach used by this investigator is unique and significant in that 
very early changes that occur at the macromolecular or subcellular 

level can be recognized only with the electron microscope. These early 
changes cannot be observed at the light microscope resolving power 
unless the changes have progressed considerably. Our experiments have 
thus far revealed that nonionizing radiation at 50 mW/cm* (2450 MHz) 
causes several alterations in the cellular organelles of hamster 

heart and liver after one hour of exposure. Specific changes thus far 
observed are in mitochondria and their cristae, smooth and rough 
endoplasmic reticulum. 


The mitochondria are responsible for about 90% of the total energy 
produced in the body. The rough endoplasmic reticulum is primarily 
responsible for protein synthesis and the smooth reticulum is 

associated with hormone synthesis, ionic transport, cholesterol 
metabolism, etc. We have thus far correlated the morphological 

changes in liver mitochondria after one hour of exposure with total 
production of ATP (energy source) and found that there is no change 

in oxydative phosphorylation (ability to produce energy). Our future 
studies will deal with exposures at lower power densities (5 - 10 mW/ cm?) 
and for longer duration (8 hours - days). 


Publiecattons: None. 































. Joos le abhi 


be ned tedbay. ae 


r > 
i r ryy “ +e ot, * si we 
43 ae tthi; pastes 
“PB be hey ins * 
73 
< 2Sy : 
ry 2 | ony o, 
S- L 
:7HFhs 
pte 
it 
> , 
f % 
. 
4 i ~~ 
{ 
ni 
wn 3 a | 
ii sl 
e 
ee 21 
he ‘ 
a «4 5 i 
a 
ETE — @) 
¥ rey ) 
sy LA 
we milo? 
% 
me t ; 
; , 
‘ . uy 
: ty - 





ell 





74 CVG? wit fAu 
“ 
? + far 219 oF peg 
= Ris Ss 
} rn) 4 | oP, Te 
? ot ’ a k ; ‘ 5 
{ ' a { ! / a 
Vv hl bar ns 
_ [7 EBi 
kes b= al Y 29 path abet oe 
4 \ ane 
(Gg ct j ath sit ni RSE 
‘ts ei ata 
T i + c 
Pt a + *) 
= : a 
>. 


id ee ys Vi ; 1 ian 

seh, i> seaman Me yd beim 
‘ ' i ie oO 'y eanosi > «il 

e2exrses) ae a xi ri Bete ag 


| ME Se 4 oa ‘ssadp od “Sonne 
vad da vetht. Paden: omni anes ey 


5 og a 
VE, MG eRe be fs viantae wine Sada ‘olnercst aa 
eiihie veloc gy edt seotyetatia Bekaver 


| Be bre san, wed whe 13928 “rhe Ba 
fe .S804aL40 2 {9 box plubaddsosia at 978 Be ai 
bat smplpatiax Ree: 
» SOR ay pit 2 om whet s eee wad 
Su ee is kore blyobis Gees eal evBud ost at & 
(inane of 6 pen aibodown katong +92, 4 ae 
Veet tc | kwo. sieciiaye acmariod date oon 
wis helwilag ree mde sds avs ew Och 
to thet aac sede ab yhieadoad ter wav at, 
a Ree pre). ‘ YITVOS YATOe) TTA Xo notin .: 
phaahinhly st Nok: bd) rere oe fine 
Se me ta ve wotupiigss. aid by ie bf ae 


SR wong 6) ao exo 19.90. 


. ‘ 





67 


STUDY OF GENETIC EFFECTS OF Frank P. Hungate 
MICROWAVE RADIATION Pacific Northwest Laboratories 
Battelle Memorial Institute 
Richland, Washington 


RL 00688-02 


Project Description and Objectives; The projected research will evaluate 
mutation rates induced following exposure to 2450 HZ3 microwave radiation 
and establish a basis by which the mutation rate can be related to the 
energy absorbed at the sensitive site. 


Microorganisms will be used since they afford both a sensitive test system 
and ease of manipulation within the exposure chamber. 


Absorbed dose will be evaluated by measuring temperature change under 
conditions favoring heat flow from the cells to the suspending medium as 
well as the reverse. Intracellular biochemical transformation sensitive 
to temperature change will be utilized to relate energy status of the 
intracellular microenvironment to the macroenvironment of the cell 
suspensions. 


Results of these studies will be used to assist in establishing safe limits 
for exposures to microwaves. It is also anticipated that this study will 
help in our general understanding of the interactions of electromagnetic 
radiations with living systems. 


Stgnificant Results: The project is in progress. At this time the basis 
for measuring absorbed dose is established and the mutation induction 


phase of the research is being initiated. 


Publications: None. 
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RADIATION QUANTITIES, UNITS AND W. Roger Ney 
MEASUREMENT TECHNOLOGY National Council on Radiation 
Protection and Measurements 
Washington, D.C. 


RL 00695-01 


Project Deseription and Objectives: The International Commission on 
Radiation Units and Measurements (ICRU), has as its principal objective 
the development of internationally acceptable recommendations regarding: 
(1) Quantities and units of radiation and radioactivity, (2) Procedures 
suitable for the measurement and application of these quantities in 
clinical radiology and radiobiology, (3) Physical data needed in the 
application of these procedures, the use of which tends to assure 
uniformity in reporting. 


The Commission also considers and makes similar types of recommendations 
for the radiation protection field. 


The ICRU endeavors to collect and evaluate the latest data and information 
pertinent to problems of radiation measurement and dosimetry and to 
recommend the most acceptable values for current use. 


Significant Results: Work was completed on two reports —- Radiation Dosi- 


metry: Electrons With Initial Energies Between 1 and 50 MeV and 
Measurement of Low-Level Radioactivity -- and they were published as ICRU 


Reports 21 and 22 respectively. The work on the report ''Measurement of 
Absorbed Dose in a Phantom Irradiated by a Single Beam of X or Gamma 
Rays" was also completed and the report is now being prepared for the 
printers. It is expected that the report will be published late in 1972. 
The Commission determined that a companion report dealing with the measure- 
ment of absorbed dose in a patient should be accelerated, with the hope 
that the work can be completed within the next fifteen months. The 
preparation of reports on the following topics continues -- dose specifi- 
cation for reporting, modulation transfer function: its definition and 
Measurement, scanning of internally deposited radionuclides, methods 

of assessment of dose in tracer investigations, dosimetry in radiobiology 
high energy and space radiation dosimetry, neutron dosimetry for biology 
and medicine, and average energy required to produce an ion pair. 


At its recent meeting, the Commission examined various proposals for new 
Commission activities and determined to begin a new study aimed at the 
development of a report on concepts and principles of radiation protection 
measurement. Related to this new program is the Commission's decision to 
study the dimensions of quality factor. This new task was assigned to 

the Committee on Quantities and Units. At the recent meeting the 
Commission also determined to undertake preparatory work necessary to 
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the initiation of a comprehensive study of stopping powers. 


In activities not related to the development of ICRU Reports, the 
Commission began an examination of the implications of the proposed 
elimination of the special radiation wits -- roentgen, rad, rem and 
curie. The Commission also examined the recently published proposal 
that exposure-area product be used in the assessment of patient 
irradiation during diagnostic procedures and formulated a brief state- 
ment on this topic advising against the adoption of a special wit for 
this quantity and emphasizing the deficiencies of this quantity for the 
assessment of risk in diagnostic radiology. 


Publteattons: None. 


Fo EFFECTS FROM X-RAY OF HUMAN Mary B, Meyer is 
FEMALE FETUSES Johns Hopkins University School 
of Hygiene and Public Health 
Baltimore, Maryland 


RL 00726-01 


Project Descriptton and Objectives: The objective of this study is 

to determine whether levels of ionizing radiation received by a female 
fetus in the course of diagnostic x-ray procedures such as pelvimetry 
will affect her ovaries and germ cells to an extent that would have an 
observable effect on her subsequent reproductive performance. 


The study population comprises 1458 females exposed to x-ray during 
fetal life (when their mothers had pelvimetry or other procedures) 
matched with 1458 unexposed controls by hospital of birth, parity, and 
birthdate. All are black, born in Baltimore in 1947-1952, and all are 
still residents of Baltimore City. Births to members of the study popu- 
lation are ascertained by matching their maiden names with those of 
mothers on the Baltimore City birth certificates of appropriate race, 
age, and birthplace. 


Significant Results: Pregnancies that occurred through 1970 have been 
ascertained. At the end of 1970 the in-utero exposed and their unexposed 
controls were aged 18-23 and had given birth to 2,450 babies. Prelimin- 
ary analysis of births through 1969 showed significantly higher pregnancy 
rates among exposed mothers than among controls, including live births, 
fetal deaths, and abortions. Recent findings suggest that this excess 
fertility among exposed mothers begins to decline at age 18, as fetal 

and infant mortality increases. Animal studies show that the effect 

of radiation on fertility varies enormously with the time of exposure 
during fetal life or in infancy. They have therefore analysed their data 
by the gestational age of the female fetus when she was exposed. The 
most significant difference in fertility rates has been observed in the 
group x-rayed at 35-37 weeks. More stringent analytic methods are now 
being applied to the data, and 1970 births are in process of analysis. 


This is the only existing study of humans exposed to x-ray in utero with 
matched controls, who are now being followed for second generation 
effects. If significant differences in fertility and mortality patterns 
are found, or if differences in congenital malformations or other 
problems are found in either the first or the second generation, the 
frequency or timing of x-ray pelvimetry might be altered. The use of 
abdominal x-ray during pregnancy has already been curtailed because of 
known effects on the unborn child during early gestation. If this study 
shows that the fetal ovaries, germ cells, and future offspring are 
affected, even further curtailment of x-ray use may be indicated. 


Publteattons: None. 
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THERMOLUMINESCENCE ULTRAVIOLET Willtam G, Buckman 


RADIATION DOSIMETRY | Western Kentucky University 


Bowling Green, Kentucky 


RL 00733-01 


Project Description and Objectives: The objective. of this investigation 
is to develop an ultraviolet radiation dosimeter that utilizes the 
thermoluminescence properties of materials. 


The thermoluminescence (Tl) properties of materials are now 
widely used for detecting high energy ionizing radiation. The 
necessary equipment for measuring thermoluminescent of materials is 
widespread. It is well-known that ultraviolet (uv) radiation produces 
deleterious effects on man such as erythema, painful inflammation of the 
membrane of the eye (conjunctivitis), and skin cancer. Ultraviolet 
radiation is constantly in our environment due to uv components of 
terrestial solar radiation, electronic production of uv radiation by 
germicidal lamps for disinfection, lasers, and numerous other appli- 
cations in therapy and technology. Recognizing the hazards of exposure 
to radiation from germicidal lamps the Council on Physical Medicine 
and Rehabilitation of the American Medical Association has set a low 
tolerance limit of 0.1 u watts for continuous exposure. 

cem2 


Stgniftcant Results: They have found that aluminum oxide containing 

titanium as the luminescent center has Tl characteristics favorable for 

ultraviolet radiation dosimetry and a patent application has been 

filed. With this material one has a simple portable dosimeter (about 

1 millimeter?) that can measure extremely low levels (<.1 yp watts) of ultra- 
cm? 

violet to high levels of radiation. It responds linearly with exposure 

and is exposure rate independent. Investigations are continuing on 

this material. Recently our research has shown that lithium 

fluoride, which is pre-irradiated to 400,000 roentgens of Cobalt-60 

gamma radiation and then thermally annealed to 300°C, can be photo- 

stimulated with germicidal lamps. The response is linear to above 

200 uw watts and exposure rate independent to 200 uy watts. Since this 

_ cme cm2 

material is now used in medical centers for x-and gamma radiation, 

it only appears to require a high x-ray or gamma exposure to make it 


a practical ultraviolet radiation dosimeter. Calcium fluoride containing 


europium has response characteristics favorable to ultraviolet radiation 
dosimetry and these experiments are now in progress 


Publteattons: None. 
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CELLULAR DAMAGE BY VISIBLE AND Abraham Etsenstark 
NEAR-VISIBLE LIGHT University of Missouri 
Columbia, Missouri 


RL 00748-01 


Project Description and Objectives: They have found bacterial mutants 
that are highly sensitive to visible and near-visible light. These 
mutants also have the interesting property of inability to undergo 
genetic recombination (i.e., they are recombinationless mutants). The 
broad research objectives are: (a) To identify the molecular aberration 
that accounts for the high sensitivity and mutation, (b) To determine 
whether any light absorbing molecules in the cell have a role in normal 
chromosomal replication and recombination, and (c) To determine effect 
of tryptophan photoproduct on cells. 


Stgntftcant Results: L-tryptophan, upon exposure to light, becomes 
toxic for recombinationless (rec) mutants of Salmonella typhimurium. 

The toxic component is a photooxidation product, since it is formed 

only under aerobic conditions. Other amino acids and sugars were 
tested, but the toxic property was found only for light-exposed trypto- 
phan. A number of tryptophan derivatives were examined for specific 
toxicity for rec cells, but none were found to be as effective. An 
action spectrum of the maximum yield of phototoxin reveals 290 nm to 

be most effective, with a range of 270 to 360 nm, The photoproduct is 
active on rec strains but it does not kill other UV-sensitive strains, 
such as those that have_uvror hcr mutations. Also, the photoproduct 
inactivates rec mutants of Escherichia coli and Bacillus subtilis. In 
addition to toxicity, the tryptophan photoproduct is also mutagenic. 
Isolation and identification of the active photoproductive is now under- 
way. These results are consistent with previous observations of 
sensitivity of recombinationless mutants to UV, near-UV and visible light. 


Publications: None. 
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BEHAVIORAL AND NEURAL EFFECTS OF John Garcta* 
RADIATION AND TOXINS Research Foundation of the 
University of Utah 
Salt Lake City, Utah 


RL 01019-01 


Project Desertption and Objectives: Ionizing radiations produce two 
behavioral effects upon experimental animals (and human patients). First, 
ionizing rays mimic an odorant by stimulating the olfactory mucosa. 
Animals cope with this stimulus by alerting and orienting. This effect 
coincides with the very onset of exposure and produces the characteristic 
electroencephalographic changes which attend arousal. Second, radiation 
exposure produces an after-effect which mimics the effect of illness 
induced by a toxin. The animal attempts to cope with this insult by 
changing its feeding habits. The research is directed towards elucidating 
the behavioral and neurological implications of adaptive behavior to 

this toxin-like effect of radiation. 


Signtfieant Results: Previous results have indicated that the noxious 
effects of radiation can be induced in non-irradiated rats by injections 
of serum from irradiated donors, by injections of emetic drugs or 
nitrogen-mustard compounds, or by ingestion of a toxic (lithium salt) 
solution. In all cases animals develop a profound aversion for a new 
substance consumed before the illness as if they had eaten a "poison." 
This profound aversion for a flavor cannot be produced by peripheral 
pain, only by internal illness. 


Present research indicates that recuperation from illness produces 

an effect in the opposite direction. The animals acquire an appetite 
or taste for flavors consumed prior to recuperation as if they consumed 
a "medicine." This means that animals need no special receptors to 
specifically avoid toxins and to locate nutrients such as vitamins. 
They need only this general capacity to associate tastes with 

internal illness or recuperation and thus they are able to avoid toxins 
and to select a "healthy diet''. Therefore, it has been shown that an 
animal suffering from thiamine deficiency will acquire a taste for 
Saccharin in that flavor is arbitrarily paired with a thiamine injection. 
The way animals relate flavors to internal states appear to be funda- 
mentally different from the way they relate environmental signals to 
peripheral insults. First, they can form the flavor-illness associ- 
ation in a few trials even when the illness is delayed several hours 
after eating. They cannot form buzzer-shock associations, for example, 
unless the shock is delivered within seconds after hearing the buzzer. 
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Brain lesion studies have substantiated this duplex notion of interal 

and external functions. Lateral septal and ventral hippocampal lesions 
disrupt external (noise-shock) learning but enhance internal (flavor- 
illness) conditioning. Medial septal lesions have little effect on 
noise-shock learning but also enhance flavor-illness learning. Amygdaloid 
lesions disrupt conditioning in both spheres. Future research is 

aimed at distinguishing behavioral laws for control of the intemal 
milieu as opposed to control of the external milieu. 


Publicattons: Garcia, John, Kenneth F. Green, and Brenda K. McGowan, ''X-Ray 
as an olfactory stimulus" Olfaction and Taste (1969). 


Green, Kenneth F. and John Garcia, Recuperation from illness: Flavor 
enhancement for rats. Science, 173:749-751 (1971). 


Garcia, John, Richard Kovner, and Kenneth F. Green. Cue properties vs. 
palatability of flavors in avoidance learning. Psychonomic Science 
20:313-314 (1970). 


Green, Kenneth F. and John Garcia. Role of the reinforcer in selecting 
and responding to cues. Proc. Am. Psycholog. Assoc., Miami, Florida, 
September 1970. 


Revusky, Sam and John Garcia. Learned associations over long delays. 
Bower and Spence (Eds.) In Psychol. of Learning and Motivation. Acad. Press, 
New York, 4 (1970). 


Garcia, John, W. Hankins, J. Robinson, and Te Vogt. Bait-shyness: 
Tests of CS-US mediation. Physiol. Behav., 8:807-810 (1972). 


*The principal investigator transferred this project from the State 
University of New York at Stony Brook, Albany, New York (previously 
identified as RL 00132-04). 


RESEARCH GRANTS TERMINATED - FY 1972 
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RADIATION EFFECTS ON FORMATION Herman R. Haymond 
OF PROTEIN AGGREGATES University of Southern California 
| Los Angeles, California 


RL 00064-10 


Project Description and Objectives: This study has been concerned with 
the effects of ionizing radiation on proteins in aqueous solution with 
emphasis on the radiation-induced changes in the immunochemical proper- 
ties of human proteins. Isolated proteins and known mixtures of proteins 
have been irradiated under various conditions. The resultant changes in 
the physical and immunochemical properties of the proteins have been 
studied by gel chromatography, discontinuous electrophoresis, immuno- 
electrophophoresis and ultracentrifugation. 


Stgnificant Results: Recent work has been related to the radiation- 
induced changes occurring in the physical and immunochemical properties 

of human albumin and immunoglobulin G, two of the most abundant components 
of serum, when irradiated as isolated proteins or as mixtures of the two. 
Irradiation of either protein in solution results in the formation of 
aggregates and fragments of that protein. Irradiation of mixtures results 
in mixed aggregates of the two proteins. The spectrum of products ob- 
tained is dependent on radiation dose, concentration of proteins, and 

the presence or absence of oxygen during irradiation. In addition to 
changes in molecular size there are also changes in electrophoretic 
mobility and immunochemical properties which indicate that radiation- 
induced alteration of intramolecular bonds can occur to change the 

charge or shape of a molecule without aggregation or fragmentation. The 
aggregates formed from more than one protein retain some of the anti- 
genic properties of the original molecules, and also give distinct patterns 
in immunoelectrophoresis. The acquisition of new physical and immunologi- 
cal properties by a combination of two or more different human proteins 

as a result of irradiation is of potential importance in the study of 
radiation effects on living systems since living tissue is a mixture of 
many different substances, and one significant result of irradiation may 
be the formation of unusual combinations of ordinary molecules or their 
fragments. 


Publteattons: None. 
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PROTECTION AGAINST RADIATION Stdney Mittler 
DAMAGE TO CHROMOSOMES | Northern Illinois University 
DeKalb, Illinois 


RL 00075-06 


Project Descriptton and Objectives; The purpose of the research grant 
is to obtain information about chemical substances that may protect 
chromosomes from radiation injury and to discover substances if possible 
to protect against mutations induced by radiation. 


Stgntficant Results: ATP injected in male Drosophila did protect an X 
ring chromosome from radiation induced loss in meiosis. However, exo- 
genous ATP injections did not reduce the number of radiation induced 
sex-linked lethals nor did it reduce the percentage of translocations, 
deletions in the X chromosome, and did not decrease the amount of 
radiation induced crossing-over in the male. Calcium, magnesium, manga- 
nese ions, and hyper and hypotonic solutions were injected into the 
testis of Drosophila in an attempt to stimulate ‘ATP synthesis and to 
reduce the number of radiation induced dominant lethals. N,N' 

dimethyl 4,4' dipyridinium chloride at concentration of 10 mg/liter 

did not protect against radiation induced dominant lethals in Drosophila, 
nor did 3.5 percent of dimethyl sulfoxide protect against y-ray 
‘induced recessive sex-linked lethals. 


Publicattons: Mittler, S., J. F. Arnesen, and U. Raymond, "Effect of 
Urethane and Colchicine on Radiation-Induced Chromosome Loss in Male 
Drosophila,” Int. J. Rad. Biol., 11(2):161-170 (1966). 


Mittler, S. and U. Raymond, ''Adenoisine Triphosphate: Protection 
Against Radiation-Induced Chromosome Loss in Drosophila," Science, 152 
(3725) :1087-1088 (1966). 
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BIOLOGICAL EFFECTS OF LOW VELOCITY George S. Spertt 
VELOCITY ELECTRONS | St. Thomas Institute for 
Advanced Studies 
Cincinnati, Ohio 


RL 00076-09 


Project Description and Objectives: When x-rays strike matter they 

eject electrons. It is through studies on the biological effects of 
electrons that it is hoped to attain a better insight into the beneficial 
and harmful actions of radiant energy. 


To accomplish these results the investigators have designed and built a 
high vacuum apparatus for the generation of a beam of electrons, the 
velocity and number of which can be determined. The beam is directed 
toward a target area in which organisms or their biochemical components 
are placed. Bombarded specimens are examined to determine the effects of 
the impinging electrons and attempts made to correlate the results with 
known effects of electromagnetic radiations. 


Stgntficant Results: The results of the experiments have led to the 
conclusion that electrons must reach a critical velocity before they 
produce their biological effects. These critical velocities are not the 
same for all organisms tested. For example, it has been found that 
Staphylococcus aureus and Staphylococcus albus are killed by electrons 
moving at a velocity of 6,600,000 miles per hour or higher, but not by 
electrons moving at any lower velocity even though the number of bonm- 
barding electrons is greatly increased. Saccharomyces cerevisiae 
(baker's yeast) is killed by electrons only if they move at a velocity 
greater than 25,000,000 miles per hour. 


In a search for the method by which electrons produce their results 

on living matter, a study was made of the effects of electrons of 
different velocities on amino acids, essential constituents of all cells. 
So far no change has been observed in any amino acid which has been 
subjected to bombardment by electrons of velocities which were found 
lethal to microorganisms. 


The investigators have also studied the effects of electrons on larger 
molecules, including enzymes such as catalase and trypsin, both of which 
were found to be inactivated by electrons. Since the amount of any cellular 
constituent being affected will depend on the depth to which the bom- 
barding electrons will penetrate the cell, it was also necessary to 
investigate the depth to which electrons can penetrate molecules. From 

the results it was learned that electrons capable of killing cells are 
barely able to penetrate a thickness of a single molecule of trypsin. 
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As a result, it has been concluded that the lethal effects of low velocity 
electrons are brought about by action of the electrons on or near the 
surface of the cells and that their action may not be the result of a 
biochemical change, but may be physical, such as changes in membrane 
permeability or electrical properties of the cell. 


It is hoped that when sufficient data have been accumulated it will be 
possible to attain better therapeutic results with X-rays; and radio- 
active isotopes alone or incorporated in molecules which can be taken up 
by the cells. 


Publications: Fitzpatrick, M. A., G. S. Sperti, and L. D'Souza, "Biological 
Effects of Low Velocity Electrons," Arch. of Biochem. and Biophys., 117(3): 
505-512 (1966). 
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THE AGE FACTOR IN RADIATION Joseph Rotblat 
SENSITIVITY IN MAMMALS St. Bartholomew's Hospital 
Medical College 
London, E.C.1. 


RL 00082-06 


Project Desertption and Objectives: The effect of age at exposure to a 
known cancer producing agent, such as ionizing radiation, has been used in 
different strains of mice to study the possible dependence of cancer risk 
on the dose (in single or repeated fractions; or accumulated chronically 
from internally deposited radioactive substances), and the number of cells 
at risk. Comparisons are made of the dose-response yields for myeloid 
leukaemia, and for the production of lung tumours. 


For myeloid leukaemia, the actual number or a proportion of cells at 
risk, are measured, but the probability of detecting more than one cell 
rendered leukaemogenic in the animal is small. In contrast, the yield 
of lung tumours shows that the tumour number is dependent on individual 
non-interacting events in the total population exposed. 


Significant Results: Leukaemia. Myeloid leukaemia can arise from the 
transplantation of a single leukaemogenic cell. Irradiation of the bone 
marrow cells, either in the host, or prior to transplantation into a bone 
marrow depleted recipient, has shown that the probability of leukaemia 
induction increases with increasing dose until a peak yield is reached; 
the dose at the peak varies with the age of the animal at exposure, as 
well as with the natural incidence of leukaemia. Comparable irradiation 
of bone marrow used for acute life saving studies in lethally exposed 
animals does not affect its life saving efficiency. This suggests that 
non-specific somatic mutations are insignificant in the failure of bone 
marrow to protect against the late life shortening effects of radiation; 
moreover, these somatic mutations are an unlikely cause of life shorten- 
ing in the endogenous population of sublethally irradiated animals. 


Lung Tumours. Correlative studies of the number of lung parenchymal cells 
exposed at a given age, and the late yield of different histological types 
of tumour in the lung, have shown that each lumg tumour arises as an 
independent event. This has implications in the cumulative hazard of pul- 
monary cancer agents, and is of practical importance because of the 
relatively longer latent period of lung tumours. The observed decrease 

in yield of lumg tumours at higher doses of radiation, or of a chemical 
carcinogen, may reflect the loss of potentially tumour cells from the 
population, due to the limited number of cell divisions of which the 
alveolar cell, for example, is capable. Such a model to explain the 
decreased tumour yield may be compared with the reported reduced yield 

of tumours in the liver, treated with a carcinogen, and repeatedly 

forced into cell division by partial hepatectomy. 
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The important differences in the behaviour of these two groups of 
tumours, the myeloid leukaemia and the pulmonary, if studied, may be 
very helpful in efforts to find a unifying mechanism for all cancer 
induction. 


Publications: Baker, D. J., P. J. Lindop, B.W.G. Morgan, D.B.L. Skeggs, 
R.J.M. Whittle, and I. G. Williams, "Monitored Regional Hypoxia in 
Radiotherapy," Br. J. Radiol., 39(468) :908-914 (1966). 


Lindop, P. J., J. Rotblat, and S. Vatistas, "The Effect of Age and 
Hypoxia on the Long-Term Response of the Ovary to Radiation," Rad. 
and Aging, 307-326 (1966). 


Proukakis, C. and P. J. Lindop, "Age Dependence of Radiation Sensitivity 
of Haemopoietic Cells in the Mouse," Nature, 215:655-656 (1967). 


Town, C. D., "Effect of High Dose Rates on Survival of Mammalian Cells," 
Nature, 215(5103):847-848 (1967). 


Berry, R. J., G. Schwarz, R. E. Ellis, P. J. Lindop, J. F. Fowler, and 
M. Hegazy, "The Effect of Hypoxia on the Skin Response of Mice to 
Divided Doses of 15 MeV Electrons," Int. J. Rad. Biol., 12(3):293-296 
(1967). 


Hawkes, M. J., R. P. Hill, P. J. Lindop, R. E. Ellis, and J. Rotblat, 
"The Response of C3H Mammary Tumours to Irradiation in Single and 
Fractionated Doses." Br. J. Radiol., 41:134-141 (1968). 


HalljsD:) Rs; J.) D.s Lewis, C. Die Town, B.e@seetish and P.«J..Lindop, 
"Radiation Response of HeLa Cells Exposed at Very Low Temperatures," 
Int. J. Radiat. Biol., 16(1):43-50 (1969). 


Baker, D. J. and P. J. Lindop, "Oxygen Cathode Measurements in the Mouse 
Testis,'' Phys. Med. Biol., 15(2):263-270 (1970). 


Coggle, J. E. and C. Proukakis, "The Effect of Age on the Bone Marrow 
Cellularity of the Mouse," Gerontologia, 16(1):25-29 (1970). 


Davies, R. W. and D. J. Baker, "Correspondence," Br. J. Radiol., 43; 
496-502 (1970). 
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PRECISION DOSIMETRY IN CLINICAL John Hale 
RADIOLOGY University of Pennsylvania 
Philadelphia, Pennsylvania 


RL 00099-18 


Project Descriptton and Objectives: There are two aspects of this 
research project. The first is to explore exhaustively the possible 
contributions of discipline of radiological physics in the field of 
patient exposure and image quality control in a busy Department of Radio- 
logy. 


In the second area, the recent availability of solid state detectors with 
incredibly good energy resolutions made it feasible to explore the possible 
contribution of quantum spectrophotometry to the quantitative determination 
of impurities deposited in the lungs of industrial workers. 


Stgntficant Results: A master's thesis "Use of An Air Gap to Improve 
Contrast in Diagnostic Radiology," by Robert G. Gould was completed during 
the past year. A paper with the same title was presented by R. G. Gould 
and J. Hale at the Thirteenth Annual Meeting of the American Association 
of Physicists in Medicine (AAPM Quarterly Bulletin 5:106, 1971). The 
version of this work for publication is currently being prepared. An 
undergraduate student, R. L. Krigel, was awarded a Student Scholar Award 
by the Nuclear Science Group of the Institute of Electrical and Electronic 
Engineers on the basis of this Senior Honor's thesis "A Study of F Center 
Production in Pure Lithium Fluoride." A paper based on this work will be 
submitted for publication. 


One paper is currently in press that was supported by this project. 

"The Use of Aluminum to Simulate Patient Attenuation in Diagnostic X-ray 
Beams" by R. G. Gould and J. Hale has been accepted by the Editor of 
Acta Radiologica. 


In the area of quantum spectrophotography, a paper based on a master's 
thesis by W. Burch ''Two Wavelength Techniques for the Measurement of 
Bone Mineral Content In Vivo'' was presented by W. Burch and P. Bloch at 
the Bone Measurement Conference, May 22-23, 1970, in Chicago, Illinois. 
This paper was published in the Proceedings of the Conference. Two 
preliminary papers have been published by P. Bloch. "X-Ray Spectro- 
photometric Method Using a Silicon Lithium Drifted Detector for Determining 
In Vivo the Antimony Deposits in the Lung" appeared in Radiology 94:200, 
1970. A short paper on the same subject "Gamma-Ray Spectrophotometric 
Method Using a Lithium Drifted Silicon Detector Determining In Vivo 
Antimony Deposits in a Lung" was published in Radiology 96:657-658, 
1970. 
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Although the main thrust of this project is in the area of diagnostic 
radiology. Inevitably the investigator became involved in therapy 
dosimetry problems. P. Bloch published a paper "In Vivo Dosimetry 
with Extruded Lithium Fluoride Rods" in Radiology 96:425-427, 1970. 

A theoretical investigation of Californium-252 dosimetry "Calculation 
of the Dose Distribution about Californium-252 Needles in Tissue," by 
V. Krishnaswamy was partly supported by this project (Radiology 
98:155-160, 1971). Additional experimental work was presented in a 
paper "Dose Distribution Around a Californium-252 Needle" by 
Krishnaswamy at the Thirteenth Annual Meeting of the AAPM (AAPM Quarterly 
Bulletin 5+1115°1971): 


Publications: Hale, John, "The Homogeneity Factor for Pulsating Potential 
X-Ray Beams in the Diagnostic Energy Region," Radiology, 86(1) :141 (1966). 


Bloch, P., and J. Hale, Jr., "Calibration of Potential of X-Ray Generators 
in the Diagnostic Energy Region," Phys. Med. Biol., 11(4) :577-587 (1966). 


George, D. L. and D. J. Wright, "Single-Field Weighting of Arc-Rotation 
Techniques," Radiology, 88(1):152 (1967). 


Bloch, P. and C. S. Worrilow, "Portable Radiation and Light Detector 
Using a P-I-N Silicon Diode," Phys. Med. Biol., 1969. 


Hale, J. and M. M. Mishkin, "Serial Direct Magnification Cerebral 
Angiography," Am. J. Roentgenol. Radium Ther. Nucl. Med., 107:616 (1969). 


Bloch, P. "In Vivo Dosimetry with Extruded Lithium Fluoride Rods ," 
Radiology, 96:425 (1970). 


Bloch, P., "Gamma-Ray Spectrometric Method Using a Lithium-Drifted 
Silicon Detector to Determine the Antimony Deposits in the Lung In Vivo," 
Radiology, 96:657 (1970). 


Burch, W., "Two Wavelength Techniques for the Measurement of Bone 
Mineral Content In Vivo," Proceedings of Bone Measurement Conference. 
USAEC CONF-700515, 1970. 


Bloch, P., "X-Ray Spectrophotometric Method Using a Silicon Lithium 
Drifted Detector for Determining In Vivo the Antimony Deposits in the 
Lung," Radiology, 94:200 (1970). 


Bloch, P., "Gamma-Ray Spectrophotometric Method Using a Lithium-Drifted 
Silicon Detector to Determine the Antimony Deposits in a Lung In Vivo," 
Radiology, 96:657-658 (1970). 


Hale, J., "Patient Dose Calculation," The Am.J. Roentgenol. Radium Ther. 
Nucl. Med., 108-201 (1970). 
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Krishnaswamy, V., "Calculation of the Dose Distribution About 
Californium-252 Needles in Tissue," Radiology, 98:155 (1971). 


Chait, A. and J. Hale, "Positive Prints of Dense Roentgenograms ,"' 
Radiology, 101:331 (1971). 


Hale, J., "Physical Factors Affecting Radiographic Images," Radiology 
of the Skull and Brain, The Skull, 1:66-76 (1971). 


Hale, J., L. W. Davis, and P. Bloch, "Portal Separation for Pairs of 
Parallel Opposed Portals at 2 MV ie 6. MV," Am. J, Roentgenol. Radium 
Ther. Nucl. Med., 114:172 (1972). 





PERCEPTION OF IONIZING RADIATION Sherwin Mizell 93 
BY SENSORY SYSTEMS Indiana University 


Bloomington, Indiana 


RL-00104-04 


Project Descrtptton and Objectives: To obtain information on the 
_ following questions: 


1. Can low-level ionizing radiation have an effect on the 
central nervous system? 


2. How is low-level ionizing radiation perceived by the mammalian 
central nervous system? 


Signtficant Results: Investigations were undertaken to determine the 
structural and functional pathways by which mammals are able to perceive 
ionizing radiation in the ambient environment. Using the gerbil, 
Meriones unguiculatus, and x-radiation doses up to 3R/hour it was shown 
that ionizing radiation can effect the central nervous system and its 
functions. The total body activity rhythms of these mammals have been 
synchronized to the radiation regime. Further, it has been possible to 
alter the activity rhythms by manipulating the radiation regime to which 
the animals are exposed. The gerbil is relatively resistant to radiation 
(LD59 dosage for the animal is 3 times greater than other rodents). How- 
ever, in this radiation resistant animal, changes in normal activity 
rhythms have been observed by simply placing animals in a lead shielded 
room. Animals have been blinded, by enucleation, and do not demonstrate 

a significant change in their activity rhythms. However, changes were 
seen in normal activity rhythms caused by interruption of the olfactory 
pathways. 


Publications: Mizell, S., C. D. Barnes, and J. Daugherty, "Activity 
rhythms in the Gerbil," Anat. Rec., 160:394 (1968). 
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RADIATION INDUCED CHROMOSOME Frank J. Sobkowskt 
DAMAGE AND CELL RESPONSE Southern Illinois University 
Edwardsville, Illinois 


RL 00401-01 


Project Desertptiton and Objectives; To obtain information on the patho- 
physiologic processes involved in the production of somatic effects of 
ionizing radiation tm vivo. Experiments are designed to simulate 

the temporal and physiologic conditions under which the effects of 
radiation develop. The parameters to be studied include the incidence 
and types of radiation-induced chromosomal lesions, the kinetics of 
cellular and tissue regenerative phenomena and the histopathologic response 
of the irradiated tissue. It is hoped that the data from this project, 
when correlated, will provide information that not only is presently 
unavailable, but that will provide a base on which additional information 
may be developed so that an appreciation may be gained of the mechanisms 
underlying the pathologic processes involved in the production of the 
somatic effects of radiation. 


Signtfitcant Results: Significant progress is not available. 


Publtecattons: None. 
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EFFECTS OF RADIATION AND DRUGS Frederick D. Malkinson 
ON HAIR AND HAIR GROWTH Rush-Presbyterian-St. Luke's 
Medical Center 
Chicago, Illinois 


RL 00580-01 


Project Descriptton and Objectives: Rapidly dividing hair cells will be 
used as a model system to study the biological effects of radiation alone 
or combined with drugs, duration of cellular injury and character of 
recovery. Results of dose fractionation, comparisons of different radia- 
tion modalities, and radiation effects on cell cycle kinetics will be 
investigated. Also electron microscope studies of ultrastructural changes 
characterizing radiation injury will be conducted. 


Stgntficant Results: The following principal studies were continued or 
completed in 1970 and 1971: 


(1) Investigations in CF, mice were undertaken to study anagen matrix cell 
kinetics responses to ionizing radiation. Animals were treated with 

100 rads at 45 kv 15 minutes after administration of tritiated thymidine 
(0.8 uCi/g). Individual follicles were dissected free from skin biopsy 
specimens and autoradiographs were prepared from follicle preparations. 
Mitotic indices were reduced within 30 minutes after x-ray exposure 

(2.4 percent in control vs. 1.8 percent in irradiated sites) and dropped 
sharply after two hours (2.2 percent vs. 0.7 percent). The mitotic index 
recovered to normal levels within 7 hours after irradiation. The post- 
radiation Gy period delay was 1-1/2 to 2 hours. Studies of the 4 individual 
hair types revealed no significant differences in radiation responses. 


(2) Studies of matrix cell kinetics in normal mouse hairs during the 
19-day anagen (growing) period were continued. Cell cycle times of 11l- 

12 hours were found to be constant in the different hair types at 2-3 

day intervals from day 5 to day 16 of anagen. A 2-1/2 fold increase 

in labeled cells was noted from days 5-10 of anagen, following which no 
significant changes in matrix cell compartment sizes were noted. Telogen 
(period of mitotic inactivity) occurred from days 18-20 with abrupt termin- 
ation of cell labeling and cell division. No lengthening of cell cycle 
times was found just prior to the onset of telogen. Cell population 
studies of matrix proliferative compartments revealed 2-1/2 fold differences 
in size from the smallest (zig-zag) to the largest (monotrich) hairs. 
Experiments with tritiated thymidine revealed that cell turnover times in 
proliferative compartments were rapid. Grain counts were halved in about 
36 hours and the labeling index fell from 32 percent one hour after 
thymidine administration to 9 percent at the 78 hour interval. Following 

a single "flash" label with thymidine, replacement time of labeled S 

cells and their descendants was about 6 days. 
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(3) Experiments were undertaken to investigate the effects of hydroxyurea 
(HU) and radiation on hair matrix cells. HU 100 m/kg was administered 
intraperitoneally followed by tritiated thymidine 1/2 hour before biopsy 

up to 48 hours later. Follicle autoradiographs revealed a sharp drop in 
the mitotic index 30 minutes after drug administration (2.3 percent in 
controls vs. 1.5 percent in HU animals). Mitotic indices were OG tor. F 
percent at 1-4 hours, returned to normal (2.5 percent) at 6 hours, and 
showed striking overshoot (3.2 - 4.0 percent) 8-10 hours after HU. Labeling 
indices were nil one hour after the drug, returned to normal (25 percent) 
at 4 hours, and showed an overshoot of (35 percent) at 5 to 6 hours. Ten 
hour peaks and troughs in mitotic and labeling indices suggested drug 
induction of a partially synchronous cell population. Nuclear necrosis 

and cell debris were most marked at 5-7 hours; recovery was almost complete 
10 hours after drug injection. Proliferative cell compartments showed up 
to 50 percent reductions in cell populations. 


After injection of HU 1200 m/kg the effects of varying the time intervals 
between drug and radiation (650 rads) from 1 to 12 hours were studied. 

Hair loss per square mm was measured four days later by photomicroscopy. 
Maximum alopecia (20 percent of hair "survival" occurring with radiation 
alone) was found at the 4 and 8 hour intervals, while relative "protection" 
against hair loss (80 percent of hair "Survival" occurring with radiation 
alone) was found at the 6 hour interval. 


Publteattons: Malkinson, F. D., and Melvin L. Grien, "Effects on Hair of 
Radiation, Alone or in Combination with Radiosensitizing or Radioprotective 
Agents," Biol. Skin and Hair Growth, Symposium, Canberra, Australia, 
755-779 (1965). 


Pearson, R. W., and F. D. Malkinson, "Some Observations on Hexachlorobenzene 
Induced Experimental Porphyria," J. Invest. Dermatol., 44(6):420-432 (1965). 


Griem, M. L. and F. D. Malkinson, "Modification of Radiation Response of 
Tissue by Colchicine," Am. J. Roentgenol. Ther. Nucl. Med., 97(4):1003- 
1006 (1966). 


Griem, M.L. and F. D. Malkinson, "Some Studies on the Effects of Radiation 
and Radiation Modifiers on Growing Hair," Rad. Res., 30(2) :431-443 (1967). 


Malkinson, F.D., K. Lathrop, and P. V. Harpekr, "Human Total-Body Reten- 
tion and Excretory Routes of 75se from Selenomethionine," Vortage am 


Casteiner International Symposium 436-443 (1968). 


Malkinson, F.D. and M. L. Griem, "Radiation Injury and Recovery in Anagen 
and Telogen Rodent Hairs," Rad. Res., 33(3) 554-562 (1968). 


Lanzl, L. H., F. D. Malkinson, and T. J. Ahrens, "Depth Dose Studies in 
Electron Beam Therapy," Am. J. Roentgenol. Radium Ther. Nucl. Med., 53(4): 
863-870 (1968). 
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Pearson, R. W. and F. D. Malkinson, "Ultrastructural changes in rat 


vibrissae following radiation. I. A general survey," J. Invest. Derm., 
53(2) :95-106 (1969). 


Griem, M. L. and F. D. Malkinson, "Some effects of radiation and radiation 
modifiers on growing hair. Progress Review.'"' Front. Rad. Ther. Onc., 
4:24-45 (1969). 


Malkinson, F. D., M. L. Griem, and R. Marianovic, "Persistent impairment 
of hair growth after single large doses of x-rays," Rad. Res., 43(1) :83-91 
(1970). 


Malkinson, F. D., M. L. Griem, and R. Marianovic, "Follicle squash 
preparations: uses in studies of cell kinetics following irradiation," 
J. Invest. Derm., 57(6) :383-388 (1971). 
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THE EFFECTS OF X-ITRRADIATION James W. Osborne 
OF THE SMALL INTESTINE. University of Iowa 


Iowa City, Iowa 
EC-00066-14 


Project Desertptton and Objectives: The objective of this project is 
to learn more about the consequence of exposing the small intestine of 
rats to x-irradiation. Also to determine the sequence and quality of 
radiation-induced changes which precede the early loss of intestinal 
mucosa and in many cases the later appearance of intestinal tumors. 


Stgntficant Results: The study of radiation-induced intestinal carcinoma 
in rats has yielded the most significant results to date. The basic 
procedure involves delivering 2000 R of x-radiation to the temporarily 
exteriorized ileum and jejunum made ischemic by clamping the superior 
mesenteric artery and vein during 70 percent of the radiation exposure 
period. Holtzman, Simonsen, and August rats have been used. Intestinal 
carcinomata developed with high frequency in 50 percent of the Holtzman 
rats treated and were often seen in the 5-10 month postirradiation inter- 
val. Simonsen and August rats developed fewer intestinal tumors, 10 and 
15 percent, respectively. The tumors were noted later (12-18 months) 
than in Holtzman rats and gut lesions besides carcinoma were seen, viZ., 
angiosarcoma, fibrosarcoma, and osteogenic sarcoma. The reasons for the 
differences are being sought. 


In Holtzman rats, resection of the tumor and restoration of intestinal 
continuity with an end-to-end anastomosis is followed by the development 
of additional tumors at other sites in the gut, and at a much faster rate 
than ever shown by the original lesion. This response presents an excel- 
lent opportunity to study tumor histogenesis. Accordingly, experiments 
to study the intestine which remains after resection of the primary tumor 
are underway. 


The low incidence and late appearance of radiation-induced carcinoma in 
Simonsen and August rats plus the occurrence of other intestinal lesions 
is of great interest because the response is in marked contrast to that 
of the Holtzman strain. Therefore, some opportunities for establishing 
cause and effect exist. 


Temporarily exteriorized segments (2.5 cm or 7.5 cm) of rat ileum were x- 
irradiated with 3000 R or 5000 R. Animals died between 10 and 200 days. 
A lesion characterized by extensive serosal fibrosis was produced in 
death of the animals was due to obstruction. There were no carcinomas or 
other tumors. Since humans accidently and sometimes necessarily have 
segments of intestine irradiated during the course of therapy, it seems 
desirable to use additional combinations of segment length and x-ray 
exposure to determine which produce only ulceration, only tumors, or 
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damage which is almost entirely repaired after considerable time. 


Publtcattons: Osborne, J. W., "Modification of Intestinal Radiation Death 
by Surgical Means," Rad. Res., 17(1):22-33 (1962). 


Prasad, K. N. G. M. Kollmorgen, T. H. Kent, and J. W. Osborne, "Protective 
Effect of §-Mercaptoethylamine and Mesenteric Vessel Clamping on Intestine 
Irradiated Rats," Int. J. Radiat. Biol., 6(3):257-269 (1963). 


Osborne, J. W., D. P, Nicholson, and K. N. Prasad, "Induction of Intestinal 
Carcinoma in the Rat by X-Irradiation of the Small Intestine," Rad. Res., 
18(1):76-85 (1963). . 


Prasad, K. N. and J. W. Osborne, "Influence of 8-Mercaptoethylamine on 
Mucosal Uptake of °9Fe by Intestine-Irradiated Rats," Int. J. Radiat. 
Biol. 7(3):245-253 (1963). 


‘Prasad, K. N. and J. W. Osborne, "Influence of 8-Mercaptoethylamine, 
Mesenteric Vessel Clamping and pH on Intestinal Absorption of °?Fe in 
Rats’, Proc: Soc; Exp. Biok. Med., 114:523-527 (1963). 


Sigdestad, D. P. and J. W. Osborne, "The Influence of Prior Intestinal 
Resection on Survival Time of Intestine-Irradiated Rats," Int. J. Radiat. 
Biola, to (lL) '65—73: (1968). 


Osborne, J. W., K. N. Prasad, and G. R. Zimmerman, "Changes in the Rat 
Intestine eter Mo ircadtPecton of Exteriorized Short Segments of Tleum," 
Rad. Res., 43(1):131-142 (1970). 


Sigdestad, C. P., J. W. Osborne, "Compensatory Response of the Intestine 
to Lactation: The Effect of Irradiation,'' Growth, 36:165-171 (1972). 
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COMPOUNDS TO PROMOTE EXCRETION Willtam H. Strain 
OF RADIOISOTOPES University of Rochester 
Rochester, New York 


EC-00069-08 


Project Deseriptton and Objectives: Compounds are being developed to 
promote the excretion of radioisotopes. These preparations will find 
application in reducing the danger from radioactivity received by 

persons exposed to radionuclides. Thus, the hazards from nuclear accidents 
and bombs will be reduced, and long-lived radioisotopes may be used more 
safely for diagnosis and therapy in medicine. Organic complexes of a 
variety of elements are being synthesized and their properties studied. 


Significant Results: A variety of compounds have been developed to promote 
the excretion of radioisotopes from the body. The compounds include 
preparations to remove radioactive cobalt, iron, manganese, mercury, and 
zinc; also compounds have been found to remove radionuclides of cesium, 
cobalt, and plutonium. All these preparations are still very much in the 
investigative stage as far as humans are concerned, but the animal work 
seems nearly complete. 


Early in their work, it has been pointed out that the body burden of 
radionuclides can be determined easily by hair analysis. It was shown 
that the body burden of strontium-90 in rats showed good correlation with 
the hair content of this radioisotope. They and others have shown that 
this same principle applies to dogs and man, not only for strontium-90, 
but for many radioelements. The concept of using hair as an index of the 
level of a toxic element had previously been applied to arsenic, and is 
currently being used extensively to diagnose exposure to cadmium, lead, 
and mercury. 


Another important discovery is being evaluated in other programs. It was 
found that radio-zine was accumulated in the arteries of experimental 
animals. The accumulation was especially high if the animals were zinc 
deficient. The retention suggested that zinc is important to the main- 
tenance and repair of blood vessels. Since zinc deficiency has also 
been found to be common in patients with atherosclerosis, an inexpensive 
therapy has been introduced for the treatment of inoperable vascular 
disease. This therapy consists of oral medication of a zinc deficient 
patient with zinc sulfate capsules, 220 mg t.i.d. The results have been 
gratifying in patients suffering from intermittent claudication, but it 
will be some years before the merits of the therapy can be evaluated. 

It is suspected that zinc therapy promotes repair of the arteries just 

as it has been found to accelerate healing of burns and wounds. Thus, 
the medication introduced for external healing may have great utility for 
internal repair. 
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Publtcattons: Hopkins, B. J., L. W. Tuttle, W. J. Pories, and 
W. H. Strain, "Strontium-90 in Hair," Science, 139(3559) :1064-1065 
(1963). 


Strain, W. H., F. Huegin, C. A. Lankau, Jr., W. P. Berliner, R. K. McEvoy, 
and W. J. Pories, "Zinc-65 Retention by Aortic Tissues of Rats," 
Int. J. Appl. Radiat. Isot., 15:231-237 (1964). 


Strain, W. H., W. P, Berliner, C. A. Lankau, Jr., R. K. McEvoy, W. J. Pories, 
and R. H. Greenlaw, "Retention of Radioisotopes by Hair, Bone, and Vascular 
Tissue," J. Nucl. Med., 5:664-674 (1964). 


Zeigler, T. R., R. M. Leach, Jr., M. L. Scott, F. Huegin, R. K, McEvoy, 
and W. H. Strain, "Effect of Zinc Nutrition Upon Uptake and Retention of 
Zinc-65 in the Chick," J. Nutr., 82(4):489-494 (1964). 


Strain, W. H. and C. A. Lankau, Jr., '"Zinc-65 in Human Hair," Nature, 
204(4957) :490-491 (1964). 


Strain, W. H., D. T. Danahy, R. J. O'Reilly, M. R. Thomas, R. M. Wilson, 
and W. J. Pories, "Accumulation of Radioactive Fission Products in Hair," 
Trans. Am. Nucl. Soc., 8:332-333 (1965). 


Strain, W. H., W. P. Berliner, F. T. Tangeman, C. A. Lankau, Jr., and 
W. J. Pories, "Retention of Radiocobalt by Hair, Bone and Vascular 
Tissue,'' J. Nucl. Med., 6:831-837 (1965). 


Strain, W. H. and W. J. Pories, "Zinc Levels of Hair as Tools in Zinc 
Metabolism," Zinc Metabolism, 20:1-15 (1966). 


Strain, W. H., L. T. Steadman, C. A. Lankau, Jr., W. P. Berliner, and 
W. J. Pories, "Analysis of Zinc Levels in Hair for the Diagnosis of Zinc 
Deficiency in Man," J. Lab. Clin. Med., 68(2):244-249 (1966). 


Strain, W. H., C. G. Rob, W. J. Pories, J. A. Hennessen, J. Montoya, 
W. Barker, and J. Haskins, "Nuclear Methods for the Study of Zinc 
Metabolism," Trans. Am. Nucl. Soc., 10:60-61 (1967). 


Strain, W. H., D. T. Danahy, R. J. O'Reilly, M. R. Thomas, R. M. Wilson, 
and W. J. Pories, "Promotion of Radioisotope Excretion," J. Nucl. Med., 
8:109-115 (1967). 


Pories, W. J., J. H. Henzel, C. G. Rob, and W. H. Strain, "Acceleration 
of Healing with Zinc Sulfate," Ann. Surg., 165(3):432-436 (1967). 


Pories, W. J., J. H. Henzel, C. G. Rob, and W. H. Strain, "Acceleration 
of Wound Healing in Man with Zinc Sulphate Given by Mouth," Lancet, pp. 121- 
124 (1967). 
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Strain, W. H., C. G. Rob, W. J. Pories, R. A. Terry, R. C. Childers, J. A. 
Hennessen, M. F. Thompson, Jr,, and F. M. Graber, "Activation Analysis of 
a Human Abdominal Aneurysm," Trans. Am. Nucl. Soc., 11:477-478 (1968). 


Strain, W. H., W. J. Pories, R. M. Peer, R. C. Childers, R. L. Worland, 
S. A. Zaresky, and C. G. Rob, "Radioisotope Accumulation in Vascular 
Wounds as a Measure of Arterial Repair," Trans. Am. Nucl. Soc., 11:475- 
476 (1968). 


Strain, W. H., W. J. Pories, E. Dattilo, R, M. Peer and S. A. Zaresky, 
"Influence of Age and Sex on Absorption and Retention of Radioisotopes," 
Trans. Am. Nucl. Soc., 11:476-477 (1968). 


Strain, W. H., C. G. Rob, W. J. Pories, J. A. Hennessen, and J. Montoya, 
"Zinc Binding Capacity and Zinc Levels of Serum," J. Nucl. Med., 9:352 
(1968). 


poral, W. H., W. J. Pories, S. A. Zaresky, and E. Dattilo, "Health Hazards 
from ©°Zn Pollution," Trans. Am. Nucl. Soc., 11:60-61 (1968). 


Strain, W. H., R. M. Peer, M. R. Thomas, A. P. Gass, and W. J. Pories, 
"Promotion of 293Hg-Chlormerodrin Excretion by Cold Chlormerodrin or 
Mercurhydrin,'" J. Nucl. Med., 9:373 (1968). 


Pories, W. J., W. H. Strain, R. M. Peer, M. H. Landew, "Zinc Deficiency 
as a Cause for Delayed Wound Healing," Curr. Top. Surg. Res ., 1:315-323 
(1969). 


Strain, W. H. and W. J. Pories, "Trace Elements and Wound Healing," Proc. 
Eighth Int. Congr. Nutr :182-184 (1969). 


Strain. W. H., W. J. Pories, R. M. Peer, E. S. Dattilo, and J. N. Scroger, 
"Protective Agents for Promoting Radioisotope Excretion," Trans. Am. 
Nucl. Soc., 12(1):5960 (1969). 
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RADIOBIOLOGICAL RESEARCH ON H. Burr Stetnbach 
MARINE ORGANISMS Marine Biological Laboratory 
Woods Hole, Massachusetts 


EC-000 71-11 


Project Desertptton and Objectives; This grant supports a hot lab area, 
comprised of ten inter-connecting rooms, on the fourth floor of Whitman 
Laboratory, at the Woods Hole Marine Biological Laboratory. These 
rooms, equipped with appropriate counting devices as well as radiation 
Sources, are made available to qualified investigators. The funds also 
defray the expenses of the radiation safety officer and his assistant. 


Significant Results: Since this grant relates to a wide variety of 
radiobiological experiments it is only possible to indicate results from 
a few of the many researches that have benefited from this support. 


Results of research on mitotic delay in the eggs of the sea urchin 

Arbacea Punctulata have shown that treatment with high hydrostatic 

pressure and potential-parthenogenic activating agents leads to a reduction 
of radiation-induced mitotic delay. It is thought that this delay may 

be due to either initiation of events which permit the cell to bypass 

the stages normally delayed by radiation or to stimulation of repair 
mechanisms. 


Studies of the effects of Cesium-137 gamma-rays on regeneration in the 
coelenterate Tubularia has yielded data related to radiation dose 
response, for regeneration can be increasingly protracted and the 
process completely inhibited. The lethal dose for the organism is in 
the range required to deactivate many viruses. 


The radiation sensitivity of Sorcoma-180 and Krebs-2 in white albino 
mice was shown to be markedly increased in mice treated with keto- 
aldehydes and irradiated with Cesium-13/ gamma rays. 


A wide variety of experiments involved the use of radioactive tracers 
in studies of fundamental biological mechanisms including nerve conduc- 
tion, active membrane transport, bioluminescence, differentiation, 

and bioregulation. 


Publtcattons: None. 
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INACTIVATION OF ENZYMES BY IONIZING Evelyn S. Slobodian (Deceased) 
RADIATION New York University Medical 
Center 
New York, New York 


EC-00072-11 


Project Description and Objectives: To inquire into the basic mechanisms 
of radiation effects by studying the irradiation of ribonuclease, one 

of the enzymes which may be involved in the control of growth and 
reproduction. It is hoped to obtain a sophisticated understanding of how 
irradiation damages the enzyme molecule, and how such damages correlate 
with impairment of enzyme function. 


Significant Results: Evidence of striking similarities between gamma- 
irradiated ribonuclease and samples obtained by treatment of this 

enzyme with chemically produced hydroxyl-radicals (from Ferrous and 
Peroxide), was revealed in earlier work. Subsequent studies showed that 
irradiated enzyme was extensively "unfolded," and led to a re-examination 
of hydroxyl treated enzyme, with a view towards comparing its structure 
with that of irradiated enzyme. The aim of continued studies was to 
evaluate hydroxyl treatment as a model of the irradiation effect. 


A further similarity was reported between the irradiated and hydroxyl 
treated ribonuclease: Unlike native enzyme, both types of inactivated 
samples complexed strongly to ferric and ferrous iron. The iron-protein 
complexes were isolated from reaction mixtures by gel-chromatography ; 
specific color tests measured ferrous and ferric iron. 


Continued studies have demonstrated the accuracy of the iron color 

tests. When radioactive iron was used in experiments, color estimates 

of total iron agreed well with values obtained by isotope assay. As much 
as four atoms of total iron have been found complexed to an inactivated 
protein; this probably being a minimum value, since the gel is a strong 
competitor for ferric ions. Irradiated enzymes bind more to added ferric 
than added ferrous. Color tests show hydroxyl inactivated protein contains 
both ferric and ferrous ions; the proportion of ferrous ions increases 
markedly with time. Irradiated enzyme-ferric complexes similarly show 
conversion of ferric to ferrous on standing. Thus, both types of 
inactivated protein iron complexes behave like redox metal proteins. 


Iron complexing to irradiated ribonuclease occurs even weeks post- 
irradiation, and is obviously related to the permanently unfolded 
state of the molecule. The same considerations may apply to 
hydroxyl inactivated enzyme. (Prototypes unfold molecules, such as 
oxidased ribonuclease and heat-denatured enzyme, did not bind iron. 
Reduced enzymes reduced ferric ions, but the recovered protein con- 
tained only a trivial amount of ferrous ions.) 


1 


Both irradiated and hydroxyl treated enzyme-iron complexes are isolated 

in weak acidic, to, or almost, neutral media, in which the complexes 

are very stable. In strong acid the complexes are very stable. In 

strong acid the complexes disassociated to yield iron-free proteins, 

which can be isolated and studied. This method is being used to purify 
hydroxyl treated enzymes from complexed iron, (which separates on gel- 
chromography as an iron-complex), so that the physical-chemical properties 
of the protein product can be compared with those of irradiated enzyme. 


Publications: Slobodian, E., W. Newman, M. Fleisher, and S. Rubenfeld, 
"Modification of Ribonuclease Structure by Gamma Irradiation," Biochim. 
Biophys. Acta, 3:181-190 (1965). 


Slobodian, E. and M. Fleisher, "Effects of y Irradiation on the Structure 
of Ribonuclease," Biochemistry, 5:2192-2200 (1966). 
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ENZYMATIC AND ESR STUDIES OF Alexander Pthl 
RADIATION DAMAGE Norsk Hydros Institute for 
Cancer Research 
Oslo, Norway 


_EC-00073-10 


Project Description and Objectives: To increase understanding of how 
radiation-induced chemical processes occur in cells and how they can 
be modified. In order to elucidate the fundamental mechanisms respon- 
sible for biological radiation damage and repair, important biomolecules 
are irradiated, individually and in combination with modifying substances, 
and the radiation changes are followed with chemical and physical methods. 
The results are used to interpret experiments carried out on simple bio- 
‘logical systems such as bacteria and red blood cells. 


Significant Results: Work on the mechanism of transfer of unpaired spins 
from macromolecules to sulfur compounds has been continued. Recently 

it was found that in oxidized penicillamine, sulfur resonance can be 
detected immediately after irradiation at 77°K. By utilizing this obser- 
vation it was possible to establish that in certain mixtures of macro- 
molecules with penicillamine an extensive transfer of spin occurs already 
at 77°K. Previous electron spin resonance studies of the indirect effect 
in frozen aqueous solutions and suspensions have been continued using 
different charged derivatives of cross-linked dextran. The results show 
that the extent of the indirect action is the same for uncharged and 
negatively charged derivatives, while it is significantly larger for 
positively charged derivatives. The results indicate that excited water 
molecules may partly be involved in the indirect action observed at low 
temperatures in the frozen state. 


The x-ray inactivation of an enzyme having two different functions, 
viz. the threonine-sensitive asparto-kinase homoserine dehydrogenase 
from EF. coli, has been studied. The results indicated that one of the 
functions was preferentially destroyed. Thus, the kinase activity of 
the enzyme was two to three times as sensitive as the dehydrogenase 
function. The results suggested that the loss of the kinase function 
was caused by destruction of sulfhydryl groups involved in the main- 
tenance of the enzyme complex. 


It is believed that the results obtained have contributed to the know- 
ledge of the mechanism whereby DNA, enzymes and proteins are inactivated 
by irradiation, and how, under certain conditions, the damage can be 
prevented or repaired. Such knowledge is considered essential as a 
basis for developing improved procedures for therapeutic application 

of ionizing radiation and for protective procedures against undesired 
irradiation. The inactivation studies of enzymes are of importance with 
_ regard to radiation sterilization of enzymes used in the food industry. 
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Publications: Henriksen, T., "Radiation induced free radicals in frozen 
aqueous solutions of glycine," Rad. Res., 17:158 (1962). 


Henriksen, T., "Radiation induced free radicals in sulfur compounds. 
I. ESR-studies in the polycrystalline state,'"' J. Chem. Phys., 37:2189 
(1962). 


‘Pihl, A. and T. Sanner, ''Protection of SH compounds against ionizing 
radiation," Biochim. Biophys. Acta, 78;537-539 (1963). 


Pihl, A., T. Sanner and T. Henriksen, "Effect of irradiation temperature 
on the yield of solute radicals in frozen aqueous solutions," Acta Chem. 
Scan., 17:2124-2125 (1963). 


Henriksen, T., T. Sanner, and A. Pihl, "Transfer of radiation induced 
unpaired spins from proteins to sulfur compounds," Rad. Res., 18:163-176 
(1963). 


Henriksen, T., T. Sanner, and A. Pihl, "Secondary processes in proteins 
irradiated in the dry state," Rad. Res., 18:147-162 (1963). 


Henriksen, T., "ESR studies on irradiated frozen solutions of sulfur 
compounds,'"' J. Chem. Phys., 38:1926-1933 (1963). 


Pihl, A. and T. Sanner, "X-ray inactivation of papain in solution," 
Rad. Res., 19:27-41 (1963). 


Sanner, T. and A. Pihl, "Kinetics of enzyme inactivation by ionizing 
radiation," Rad. Res., 19:12-26 (1963). 


Henriksen, T., "Electron spin resonance studies on the formation and 
properties of free radicals in irradiated sulfur-containing substances," 
Oslo University Press, Oslo (1963). 


Henriksen, T., "H atoms and solvated electrons in irradiated aqueous 
solutions at 77°K," Rad. Res., 23:63-77 (1964). 


Pihl, A. and T. Sanner, "Radiation damage on the molecular level and its 
modification," First Int. Symp. Radiosensitizers and Radioprotective 
Drugs. Milan 1964. Prog. Biochem. Pharmacol., 1:85-98 (1965). 


Sanner, T., "Reduced pyridine coenzymes as hydrogen donors in repair of 
radiation damage," Rad. Res., 26:95-106 (1965). 


Nakken, K. F. and A. Pihl,."On the ability of nitrous oxide to convert 
hydrated electrons into hydroxyl radicals," Rad. Res., 26:519-526 (1965). 
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Sanner, T., "Enzyme inactivation studies and electron spin resonance 
investigations of the indirect effect of ionizing radiation and its 
modification," Doctoral thesis, Oslo University. The Norwegian Cancer 
Society, Oslo 1965. 


Sanner, T., "Transfer of radiation energy to solute molecules in 
irradiated frozen aqueous solutions," Rad. Res., 25:586-600 (1965). 


Henriksen, T., "Production of free radicals in solid biological sub- 
stances by heavy ions," Rad. Res., 27:676-693 (1966). 


Nakken, K. F. and A. Pihl, "The x-ray induced damage to the p-Aminobenzoic 
acid Moiety of Folic Acid and Some Other p-Aminobenzoic Acid conjugates 
irradiated in solution," Rad. Res., 27:19-31 (1966). 


Henriksen, T. and T. Sanner, "Radiation-induced organic sulfur radicals 
at 77°K.," Acta Chem. Scand., 20:2888-2890 (1966). 


Henriksen, T., "Electron spin resonance signals in irradiated proteins," 
Electron Spin Resonance and Effects of Radiation on Biological Systems, 
W. Snipes, editor, Nat. Acad. Sci., 81-100 (1966). 


Henriksen, T. "Effect of cyrstal dimensions on the yield of radiation 
induced radicals in organic substances," Acta Chem. Scand., 20:2898-2900 
(1966). ' 


Henriksen, T. "Effect of the irradiation temperature on the production 
of free radicals in solid biological compounds exposed to various ionizing 
radiations," Rad. Res., 27:694-709 (1966). 


Pihl, A. and T. Sanner, "Radiation sensitivity of cells and base compo- 
sition of DNA. An electron spin resonance study," Rad. Res., 28:96-108 
(1966). 


Kleppe, K., IT. Sanner, and A. Pihl, "Preferential inactivation of the 
allosteric function of aspartate transcarbamylase by X-rays," Biochim. 
Biophys. Acta,, 118:210-211 (1966). 


Sanner T. and A. Pihl, "Decay of radiation induced radicals and the 
yield of thermoluminescence," Acta Chem. Scand., 20:266-268 (1966). 


Henriksen, T. "Effects of oxygen on radiation-induced free radicals 
in proteins," Rad. Res., 32:892-904 (1967). 


Sanner, T., T. Henriksen and A. Pihl, 'Transfer of radiation energy 
between different solutes in frozen aqueous solutions," Rad. Res., 
32:463-474 (1967). 
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Sanner, T. and A. Pihl, "Kinetics of enzyme inactivation in solution by 
ionizing radiation," Eur. J. Biochem., 1:33-35 (1967). 


Sanner, T. and A. Pihl, "Identification of the water radicals involved in 
x-ray inactivation of enzymes in solution and determination of their rate 
of interaction with the enzyme," Biochim. Biophys. Acta, 146:298-301 
(1967). 


Sutherland, R. and A. Pihl, "Repair of radiation damage to membrane 
sulfhydryl groups of human erythrocytes," Biochim. Biophys. Acta, 135; 
568-570 (1967). 


Damjanovich, S., T. Sanner, and A. Pihl, "Preferential protection of the 
regulatory function of phosphorylase b. against x-ray inactivation in 
solution," Biochim. Biophys. Acta, 136:593-595 (1967). 


Henriksen, T. and T. Sanner, 'Free radicals and their interactions in 
solid molecular mixtures," Rad. Res., 32:164-175 (1967). 


Copeland, E. S., T. Sanner and A. Pihl, "Radical transfer reactions and 
chemical protection in the dry state. Electron spin resonance studies 

on irradiated mixtures of ribonuclease and glycyl-glycine," Eur. J. Biochen., 
1:312-316 (1967). 


Damjanovich, S., T. Sanner, and A. Pihl, "The role of the allosteric site 
in the x-ray inactivation of phosphorylase b.,'"' Eur. J. Biochem., 1:347- 
9527 (1967)% 


Sutherland, R. M. and A. Pihl, "Repair of radiation damage to erythrocyte 
membranes. The reduction of radiation-induced disulfide groups," Rad. 
Res., 34:300-314 (1968). 


Copeland, E. S., T. Sanner, and A. Pihl, "Role of intermolecular reactions © 
in the formation of secondary radicals in proteins irradiated in the dry 
state,'"' Rad. Res., 35:437-450 (1968). 


Pihl, A., T. Henriksen, and T. Sanner, "Effect of pH on the formation and 
intermolecular transfer of radiation-induced unpaired spins in frozen 
aqueous mixtures," Rad. Res., 35:235-246 (1968). 


Pihl, A. and T. Sanner, "Factors influencing the transfer of unpaired 
spins between different solutes in frozen aqueous solutions," Isr. J. 
Chem., 6:143 (1968). 


Henriksen, T., "Energy transfer and radioprotection in biological 
systems," Scand. J. Clin. Lab. Invest., 22:(106):7-19 (168). 
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Jensen, H. and T. Henriksen, "Production of free radicals in organic 
solids by thermal hydrogen atoms," Acta Chem. Scand., 22:2263-2276 (1968). 


Sanner T. and A. Pihl, "Sulfhydryl groups in radiation damage," Scand. 
J. Clin. Lab. Invest., 22(106) :53-64 (1968). 


Sanner T. and A. Pihl, "Significance and mechanism of the indirect effect 
of added compounds in £. colt B. irradiated in liquid and in frozen 
suspensions," Rad. Res., 37:216-227 (1969). 


Lokkevik, P. and T. Henriksen, "Radiation-induced radicals in frozen 
nitric acid solutions," Rad. Res., 38:231 (1969). 


Chapman, A., T. Sanner, and A. Pihl, 'Modification of regulatory proper- 
ties of phosphofructokinase by acetylation," Eur. J. Biochem., 7:588-593 
(1969). 


Little, C., T. Sanner, and A. Pihl, "X-ray modification of the catalytic 
and allosteric functions of fructose 1,6-diphosphatase," 
Biochim. Biophys. Acta, 178:83-92 (1969). 


Chapman, A., T. Sanner and A. Pihl, "X-ray Inactivation of phospho- 
fructokinase. The relative sensitivity of the catalytic and allosteric 
properties, "Biochim. Biophys. Acta, 178:74-82 (1969). 


Pihl, A. and T. Sanner, "Chemical protection aginst ionizing radiation 
by sulphur-containing agents. Proc. 2 Int. Symp. Radiosensitizing and 
Radioprotective Drugs, H. L. Moroson and M. Qunitilizni, editors, 
(1969). 


Henriksen, T., ''Radicals induced in thymine and some of its derivatives 
by ionizing radiation and thermal hydrogen atoms," Rad. Res., 40:11 
(1969). 


Henriksen, T., "Effect of Temperature on the formation of radicals by 
hydrogen bombardment,"’ J. Chem. Phys., 50:4653-4657 (1969). 


Little, C., T. Sanner, and A. Pihl, "Stimulation of fructose 1,6-diphos- 
phatase by sulfhydryl reagents and interaction between the different 
enzymic sites in the molecule," Eur. J. Biochem., 8:229-236 (1969). 


Sanner, T. and A. Pihl, 'Fundamental aspects of enzyme inactivation by 
ionizing radiation," Enzymological Aspects of Food Irradiation, 23-26 
(1969). 


Copeland, E. S., T. Sanner and A. Pihl, "Transfer of radiation energy 
between macromolecules at 77°K.," Int. J. Radiat. Biol., 18:85-90 (1970). 
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Sanner, T., "Transfer of radiation energy from macromolecules to sulfur 
compounds. A comparison between the trapping efficiency of a thiol and 
its corresponding disulfide," Rad. Res., 44:594-604 (1970). 


Sanner, T., "Intermolecular transfer of radiation energy at 77°K. An ESR- 
study of irradiated mixtures of macromolecules and oxidized penicillamine," 
Rad. Res., 44:13-23 (1970). 


Sanner, T., "Effect of charged groups on the indirect action in frozen 
aqueous solutions," Rad. Res., 44:313-322 (1970). 


Ahnstrom, G. and T. Sanner, "Effect of hydration on the decay of radiation- 
induced radicals and oxygen-sensitive centers in barley seeds," Rad. 
Botany, 11:27-32 (1971). 


DiMarco, G., T. Sanner, and A. Pihl, "Radiation effects on an allosteric 
enzyme with two catalytic activities. X-ray inactivation of the threonine- 
sensitive asparto-kinase-homoserine dehydrogenase from F. colt.," Biochim. 
Biophys. Acta, 220:1-9 (1970). 
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LOCAL CHEMICAL RADIATION Robert A. Goepp 
PROTECTION EN MICE University of Chicago 
Chicago, Illinois 


EC-00081-06 


Project Descrtptton and Objectives: To determine the degree and 

character of radiation protection afforded by different chemical 

agents applied directly to the Mouse tongue. The chemical agents that 
will be used are mercaptoethylamine, (MEA), aminoethylisothuromiun, (AET), 
and para-aminopropiophenone, (PAPP). The assessment of protection will 

be determined by the ability of these chemicals to alter the mortality 

of oral radiation death and their ability to prevent or alter the sequence 
of histologic changes in the irradiated tongue which precede death. In 
particular the degree of protection afforded by the radiation protection 
chemicals will be measured by comparison of DNA synthesis and mitosis rates 
between protected and nonprotected irradiated epitheliun. 


Stgntficant Results: It has been found that mercaptoethylamine afforded 
the best degree of protection (DRF, 1.35) as measured in the mortality 
studies. Para-aminopropiophenone afforded very little protection when 
applied locally. Preliminary review of the cell population kinetics 

data suggests a far higher degree of protection than that seen in mor- 
tality studies. Mortality studies are a more indirect, remote measure 

of topical chemical radiation protection. The kinetics data is presently 
being studied in statistical analysis. 


Publtcatitons: Goepp, R. A., F. W. Fitch, and J. Doull, "The Use of 
Parenteral Chemicals for Protection Against Oral Radiation Death in Mice," 
Rad. Res., 31(1):149-155 (1967). 


Goepp, R. A. and F. W. Fitch, "Effects of Radioprotective Chemicals on 
the Histopathologic Changes of Oral Radiation Death in Mice," J. Dent. 
Res., 46(3):571-578 (1967). 


Goepp, R. A., "Topical Chemical Protection Against Oral Radiation Death 
in Mice," Rad. Res., 34(1):36-48 (1968). 


Goepp, R. A. and F. W. Fitch, "Radiation Effect on Oral Epithelium in 
Mice," J. Dent. Res., 48(5):641-645 (1969). 
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EEG AND BEHAVIORAL EFFECTS OF Daniel FE. Sheer 
GAMMA RADIATIONS University of Houston 


Houston, Texas 
EC-00090-03 


Project Deseriptions and Objectives: To develop a clearly defined index 
of electrical activity which can be followed at different levels of the 
brain--peripheral, subcortical, and cortical, and to investigate effects 
of irradiation on the nervous system. Other objectives are concerned with 
establishing relationships of behavioral effects to irradiation. 


Stgntficant Results: The research has focused on the comparative effects 
of whole body and head only irradiation in cats. With groups of head only 
irradiation from 800 to 1200 R, there were no consistent effects on the 
power spectral analysis of the EEG and performance in a visual discrimin- 
ation task. With whole body irradiation at 500 R there were consistent 
differences in electricity from olfactory bulbs and limbic structures 

at 3 and 24 hours post, a return to pre-irradiation by 72 hours, and a 
change again in electricity and also behavior at from 7 through 14 to 17 
days when death ensued. 


With head only irradiation at 500 to 1000 R, there were no changes either 
in the analyses of the EEG or behavioral performance immediately after 
irradiation and up to 90 days post. With head only irradiation at 2000 
to 3000 R, the same changes in brain EEG and behavior were observed as 
with whole body irradiation--a change in the electrical activity with 

no deficit in behavior at 3 to 24 hours; a return to the preirradiation 
EEG at 72 hours, and a change again in the electricity with behavioral 
deficit at 7 through 20 days when death ensued. 


There were the same reversible EEG effects with both 500 R whole body and 
2000 to 3000 R head only irradiation, which appeared to implicate chemical 
mediation through the blood system. This was confirmed by relations 
between the successive electrical changes and brain serotonin levels in 
both the whole body and head only irradiation groups. There also appeared 
to be a time-dependent effect of up to 7 days post-irradiation on the 
behavioral measures for both the whole body and head only irradiation 
groups which requires further analysis. 


Publtcattons: None. 
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EFFECT OF RADIATION ON PROTEINS Wrlltam F. Forbes 
AND RELATED COMPOUNDS University of Rochester 


Rochester, New York 
EC-00091-06 


Project Desertpttons and Objectives; To investigate how free radicals 
interact with biological materials and to investigate the mechanisms of 
such interactions, 


Significant Results: The effect of radiation on amino acids and proteins 
has been extended by studying the effects of ultraviolet light on a series 
of L-tyrosines and their polymers. A number of products have been 
obtained from among the irradiated samples and these are being identified. 


Collagen samples have been obtained from genetically homogeneous mice of 
different age groups and from mice which have been exposed to ionizing 
radiation. The collagen samples were obtained from the skins of mice and 
separated into "neutral salt soluble," "acid soluble" and "insoluble" 
fractions. The properties of these fractions have been investigated, using 
a number of different techniques including amino acid analysis, solubility 
and behavior on starch gel electrophoresis. The aim of this work is to 
investigate in which sense the effects of age and of radiation are similar. 


The radicals obtained on heating 3,4-benzpyrene have been further investi- 
gated and a new radical has been identified in the presence of air. The 
radical is a phenoxy radical and is very readily formed in the presence of 
biological materials from 3,4 benzpyrene. It is also obtained from 5- 
hydroxy-3,4-benzpyrene in good yield and this aids in its identification. 
Somewhat surprisingly, the latter compound, which readily gives rise to the 
phenoxy radical, is biologically inactive, although 3,4-benzpyrene is a 
potent carcinogen. The reason for this is being investigated. 


Publicattons: Lerman, S., S. Zigman, and W. F. Forbes, "Properties of a 
Cryoprotein in the Ocular Lens," Biochem. Biophys. Res. Commun., 22(1) 
(1966). 


Forbes, W. F. and S. Lerman, "Effect of Radiation and Aging on Ocular Lens 
Proteins," Proc. 7th Int. Cong. Geront., (1966). 


Lerman, S., W. F. Forbes, S. Zigman, and J. Kirman, "A Study on Gamma 
Crystallin Derived from the Rat and Dogfish Lens," Biochem. Eye Symp., 
292-300 (1966). 


Forbes, W. F. and P. D. Sullivan, "The Effect of Radiation on Collagen. 
I. Electron-Spin Resonance Spectra of 2537-A-Irradiated Collagen," 
Biochim. Biophys. Acta, 120 (1966). 
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Forbes, W. F. and J. C. Robinson, "Electron Spin Resonance Spectra of 
Heated Polynuclear Hydrocarbons," Nature, 214(5083) :80-81 (1967). 


Forbes, W. F. and P. D. Sullivan, "Organic and Biological Spectrochemical 
Studies. XXV. Properties of the p-bis (methylthio) benzene and p-bis 
(ethylthio) benzene cation radicals," Can. J. Chem., 46 (1968). 


Forbes, W. F. and P. D. Sullivan, "Free Radicals of Biological Interest. 
II. Electron Spin Resonance (ESR) Spectra of 2537 A Irradiated Amino 
Acids ,'"' Can. J. Biochem., 45 (1967). 


Forbes, W. F. and J. T. Cooper, "Organic and Biological Spectrochemical 
Studies. XXVII. Electron Spin Resonance Spectra of the Pyrene Monomer 
and Dimer Cation Radicals," Can. J. Chem., 46:1158 (1968). 


Forbes, W. F. and J. V. Ramsbottom, "Reactivity of Trapped Free Radicals 
in Biological Systems," Nature, 216(5118) :913-914 (1967). 


Lerman, S., S. Zigman, and W. F. Forbes, "Insoluble Protein Fraction of 
the Lens,"' Exp. Eye Res., 7:444 (1968). 


Forbes, W. F. and J. C. Robinson, "Possible Formation of an Azulene-Type 
Radical Obtained on Heating 3,4-Benzpyrene,"' Nature, 217(5128):550-551 
(1968). 


Forbes, W. F. and P. D. Sullivan, "Concerning the ESR Hyperfine Interaction 
of the Methoxyl Group," J. Chem. Phys., 48:1411 (1968). 


Forbes, W. F. and J. T. Cooper, "ESR Study of the Dimer Cation of Coronene, 
J. Chem. Phys., 49:1190 (1968). 


Forbes, W. F. and P. D. Sullivan, "Organic and Biological Spectrochemical | 
Studies. XXVI. ESR Spectra of 4,4'-Dimethoxybiphenyl Cation Radical," 
Can. J. Chem., 46:325 (1968). 


Forbes, W. F. and C. R. Hamlin, "Determination of -SH- and -SS-Groups 
in Proteins. I. A Reassessment of the Use of Methylmercuric Iodide," 
Can. J. Chem., 46 (1968). 


Forbes, W. F. and C. R. Hamlin, 'Determination of -SH and -SS-Groups in 
Proteins. II. The Age-Dependence of -SH and -SS- Contents in the Soluble 
Protein Fractions of the Eye Lens," Exp. Geront., 4:151-158 (1969). 


Cooper, J. T., W. F. Forbes, and J. C. Robinson, "Organic and Biological 
Spectrochemical Studies. XXVIII. Electron Spin Resonance Spectra of Some 
Polynuclear Aromatic Hydrocarbon Ions," Can. J. of Chem., 48(12) :1942-1945 
(1970). 


1Z5 
Maekawa, T., T. K. Rathinasamy, K. I. Altman, and W. F. Forbes, "Changes 
in Collagen with Age. I. The Extraction of Acid Soluble Collagens from 
the Skin of Mice," Exp. Geront., 5;:177-186 (1970). 


Forbes, W. F., D. A. Sprott, and M. Felstein, "A Model to Account for 
Mortality Curves of Various Species," J. Theor. Biol., 29:293-299 (1970). 
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RADIATION STUDIES IN IONIC | I. C. Htsatsune 
MATRICES Pennsylvania State University 
University Park, Pennsylvania 


EC-0009 7-03 


Project Description and Objectives: Simple inorganic and organic ions, 
which are present in biological systems or which can serve as chemical 


models of more complex biological compounds, are dispersed in solid 


potassium halide matrices, and these solids are exposed to ionizing 
radiations. The chemical changes of the solute ions produced in these 


samples will be characterized by measuring the infrared, ultraviolet, 


| 


visible, and/or electron paramagnetic resonance spectra of the samples. 


Stgntfitcant Results: The carbon dioxide anion free radical (CO>) and 

the carbonate anion free radical (C03) are produced during the radiation 
damage of carbonates, biocarbonates, or carboxylates. These very reactive 
free radicals have been trapped in potassium chloride (KCl) and potassium 
bromide (KBr) matrices in sufficient concentrations and studies have been 
made of some of their important chemical reactions. 


The co, radical reacts rapidly with water and produces the formate (HCO. ) 


and the bicarbonate (HOCO>) ions. However, in the absence of water, this 
free radical decays by a fimolecular process and gives only diamagnetic 
products. The decay reaction rate constants in KCl and KBr matrices are 
respectively: 


mers. + 10) 1 0 
10 exp[(-18.93 + 0.20 kcal)/RT] liter/mole-second, 


mus 0.08 
10 exp[(-11.89 + 0.15 kcal) /RT] liter/mole-second. 


The principal reaction products in,both matrices are the carbon mgnoxide 


gas (CO) and the carbonate ion (cO,7), but some oxalate ions (C,0, ) are 
also produced in the KCl matrix. Thus, the reaction mechanism for the 
decay of this radical in the absence of water is as follows: 
s 2- all 
Z co, — [0CO-CO,] ——~= CO = co, (principal), 
= 


- ou 
2 co, ——~ [02C-Cco, ] Tei seal (minor). 


The CO. free radical does not appear to react with water, but its decay 
in KCl and KBr matrices is also biomolecular. The experimental decay 
rate constants for the respective matrices are: 


14,8 + 0.8 
0 


exp[(-10.3 + 0.4 kcal) /RT] liter/mole-second, 


Lino 0.8 
0 exp[(-9.6 + 0.5 kcal)/RT] liter/mole-second. 
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The decay product or products are diamagnetic, relatively stable thermally, 
and show a blue color. Dissolution of the reaction system in acidified 
water gives a positive test for peroxide. The known peroxy-—dicarbonate 
ion (C2027) exhibits these properties, and it is suggested that the decay 
mechanism of our CO, free radical is as follows: 





= 25 
2 co, 0,,COOCO,, (peroxy-dicarbonate ion, blue color) 
C02" + acid ——— 200, + Hy, 
or 
iy Ps 
C20, heat 2 CO, + OF 


Since the CO» and CO. free radicals are iso-electronic (same number of 
electrons in the molecules) with the well known free radicals NO. and 
NO,, respectively, much of the chemistry of our anion radicals can be 
imderstood from the known behavior of the nitrogen oxide radicals. 


Publications: Hisatsune, I.C., "Chemical Reactions in Ionic Matrices," 
Nippon Kagaku Zasshi, 89(12):1143-1156 (1968). 


Hisatsune, I.C., R. Passerini, R. Pichai, and V. Schettino, "Thermal 
Isomerization of the Maleate Ion in Potassium Halide Matrices," J. Phys. 
Chem. , 73(11) :3690-3692 (1969). 


Schettino, V. and I. C. Hisatsune, "Infrared Spectrum of Matrix-Isolated 
Cyanate Ion. I. Vibrational Analysis, Bandwiths, and Absolute Intensities 
in Potassium Halides," J. Phys. Chem., 52(1):9-27 (1970). 

Hisatsune, I.C. and T. Adl, "Thermal Decomposition of Potassium Bicarbonate," 
J. Phys. Chem., 74(15):2875-2877 (1970). 


Hisatsune, I.C., T. Adl, E. C. Beahm, and R. J. Kempf, "Matrix Isolation 
and Decay Kinetics of Carbon Dioxide and Carbonate Anion Free Radicals," 
J. Phys. Chem., 74(17) :3225-3231 (1970). 


Hisatsune, I,C.,E. C. Beahm, and R. J. Kempf, "Thermal Decomposition 
of the Acetate Ion in Potassium Halide Matrices,'' J. Phys. Chem., 74(19): 
3444-3448 (1970). 


Hisatsune, I.C. and D. G. Linnehan, "Thermal Decomposition of the 
Perchlorate Ion in a Potassium Chloride Matrix," 74(23) :4091-4095 (1970). 


Tsuboi, M. and I. C. Hisatume, "Infrared Spectrum of Matrix-Isolated 
Nitrate Ion," J. Chem. Phys., 57(5):2087-2093 (1972). 


- 
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CYSTEAMINE AND X-RAYS PRENATALLY: Joan M. Roberts 
BEHAVIOR OF THE RAT University of Detroit 
Detroit, Michigan 


EC-00106-05 


Project Descriptton and Objectives: To further study the effects on the 
mental and emotional functioning of offspring whose mothers were exposed 

to ionizing radiation during pregnancy. Studies with the drug, cysteamine, 
that have been shown to protect these offspring against the central nervous 
system damage that often follows radiation exposure are also conducted. 


Stgntftcant Results: It has been shown that cysteamine (100 mg/kg of body 
weight) given to the pregnant animal prior to irradiation is protective 
against neonatal death, motor retardation, and learning deficiencies in 
the offspring. This was observed following exposure to 110 R or 185 R 

of gamma-radiation. Cysteamine injected subcutaneously was also investi- 
gated to determine whether this route of administration would produce as 
protective an effect as the intraperitoneal method. Since cysteamine at 
the dosage given above (low dose) was found ineffective when given after 
irradiation, another group was given twice the cysteamine dosage (200 mg/kg) 
immediately following irradiation. The days of pregnancy studied were 

Day 15 and Day 20 (gestation period of the rat is 22 days). 


On two tests of motor development, the upright and the righting response, 
neonates who received 185 R prenatally developed more slowly than the 
controls. This was more marked in the groups irradiated on Day 15 on both 
motor development measures. Those receiving the low cysteamine dose 
developed earlier than the other groups including the "unprotected" controls 
(no cysteamine, no irradiation). Cysteamine injected as a control (no 
irradiation) slowed development slightly but not the extent seen in the 
high cysteamine dose group. The high cysteamine groups were remarkably 
slowed in development even in comparison with the high radiation dose 
group (185 R) that received no cysteamine. The most retarded of the 

groups was the subcutaneously-injected high cysteamine group. 


Data from the Lashley III maze (modified to a water maze), showed a 
definite inverse relationship between prenatal radiation dose level 

and postnatal (adult) learning ability, particularly on Day 15. The 
subcutaneously-injected and the groups receiving the high dose of 
cysteamine learned significantly more slowly than the "unprotected" high 
radiation groups. This was seen in both male and female offspring 
indicating no sex difference in response to cysteamine prior to prenatal 
irradiation. Marked deficiencies in learning ability were found when 
cysteamine was. given subcutaneously. The cysteamine-after-irradiation 
groups were also greatly impaired in their learning ability. On_Day 20, 
no protection was offered. However, these animals made fewer errors in 
learning to traverse the maze than those animals receiving the same 
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dose of radiation (185 R) on Day 15. Differences in the stage of fetal 
brain development undoubtedly account for this finding. 


Publications: Roberts, J. M., "Cysteamine Protection Against Lethal 
and Growth-Inhibiting Effects of Prenatal X and Gamma Irradiation," 
Teratology, 3(4):319-324 (1970). 


Roberts, J. M., "Prenatal Chemical Protection Against Radiation-Induced 
Learning Deficiencies," Rad. Res., 49(2):311-321 (1972). 
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BIOCHEMICAL CHANGES IN SKIN John M. Knox 
INDUCED BY IRRADIATION Baylor University College 
of Medicine 


Houston, Texas 
EC-00110-03 


Project Deseriptton and Objectives: A systematic investigation into the 
biochemical alterations produced by sunlight and ultraviolet light 
irradiation on human intact skin is to be conducted. In particular, 
careful attention will be given to biochemical modifications which may 
give some clue to the mechanisms in re, 


1. The capacity of irradiation and environmental factors to injure 
skin with the ensuing production of erythema, inflammatory response, 
promotion of pigment formation, acceleration of degenerative changes and 
of premature aging. 


2. The relationship of ultraviolet light to photosensitivity and 
its role in precipitating or aggrevating systemic diseases such as lupus 
erythematosus, pellagra, porphyria and photosensitization phenomenon 
associated with certain drugs. 


3. The influence of sunlight and ultraviolet light on enzyme 
activity and the formation of substances with potent biochemical and 
physiological actions both beneficial (e.g., formation of Vitamin D) 
and deleterious (e.g., formation of pre-malignant and malignant skin 
morphology). 


It is hoped that this investigation will contribute to a better under- 
standing of photobiology. 


Stgntficant Results: The most significant finding is that exposure of 
the skin to sunlight or broad spectrum ultraviolet light brings about 

a profound reduction in the content and rate of formation of new fat, 
particularly cholesterol. This may be important; under some circun- 
stances, the skin contributes significantly to the levels of cholesterol 
related sterols and lipids in the blood and other tissues. 


Though not generally realized, it may be possible to lower blood 
cholesterol and other lipid pools by exposing the skin to sunlight. The 
amount of exposure to sunlight may be a mixture of good and evil to 

man. Moderate amount of sunlight is essential for the production of 
Vitamin D by the skin and may control levels of fat in the blood; 
excessive exposure to sunlight predisposes man to skin cancer and 
precocious aging. Work is now in progress to help elucidate and 

extend knowledge how ultraviolet light affects the biochemistry and 
physiology of skin. 


Publications: None. 
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CANCER THERAPY BY INTERSTITIAL Bastl S. Hilaris 
AND INTRACAVITARY RADIATION Memorial Hospital for Cancer 
and Allied Disease 
New York, New York 


RL-00113-03 


Project Description and Objectives: Interstitial and intracavitary 
radiation are of great importance in cancer management and there is 

no new modality in prospect which promises to replace either of them 

in the treatment of cancer. However, despite the generally accepted 
usefulness of interstitial and intracavitary radiation, there is con- 
siderable reluctance of most clinicians to use these techniques because 
of the radiation exposure problem. 


In order to significantly decrease radiation ‘exposure and at the same 
time achieve more effective interstitial and intracavitary radiation 
therapy, the development of new isotope sources and techniques is pro- 
posed. For interstitial radiation therapy the use of low energy seeds 
is proposed as a substitute for presently used high intensity radio- 
isotopes. For intracavitary radiation therapy the use of "remote after- 
loading" with small high intensity sources moving during treatment is 
outlined. This technique promises to eliminate all radiation exposure 
to administering personnel and make intracavitary radiation as safe and 
simple as x-ray therapy. The major effort during this investigation will 
be placed on the problem of dosimetry and radiation exposure. Clinical 
evaluation of the beneficial effects as well as the side reactions of 
interstitial and intracavitary techniques and the radioisotopes involved 
will be carried out. 


Stgntficant Results: Economic production of iodine seeds for permanent 
implantation became possible largely because of automation and increased 
production of the seeds by the manufacturers. The cost was thus brought 
down to $5.00 a seed, instead of $12.50 a seed, which was the cost at the 
initiation of this project. No other isotopes were investigated however 
for permanent implantation because of the prohibitive cost of production 
(e.g., Cs-—131 seeds are in the order of $50.00 per seed). Because of the 
ready availability of the iodine seeds and their acceptance by the 
clinical services at Memorial Hospital, they were adopted as the only 
radioactive sources for permanent implantation at Memorial Hospital since 
September, 1969. The design of a special source inserter (gun) with a 
suitable magazine for inserting low energy sources has improved and 
simplified the technique of permanent interstitial implantation. The use 
of I-125 seeds and the clinical application of remote afterloading for 
some of the intracavitary applications has brought a dramatic reduction 
in radiation exposure to the extent that the exposure recorded on the 
personnel film badges is negligible, in contrast to earlier years when 
Rn-222, Au-198, Ir-192 and Ra-226 were used. Extensive studies on seed 
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calibration localization and dose distribution were conducted by the 
Medical Physics Department. Methods of dosimetry were developed which 
are adequate for using the I-125 seeds in clinical applications. Deter- 
mining the proper dose with iodine seeds presented a problem for some 
time but was satisfactorily solved by associating the dose to the 
implanted volume, and referring to the previous experience with high 
energy gamma emitters. In intracavitary radiation, the Remote After 
loader was put into clinical use during the period of Grant RL 00113-03. 
New intracavitary applicators were designed and constructed for 

cancer of the nasopharynx, endometrium, and intraoral lesions and several 
technical refinements were achieved. An atlas of isodose distributions 
was prepared for different source excursions. 


Clintcal Studies: From May 1 to April 30 a total of 234 implants with 
I-125 seeds were performed in 221 patients. Permanent interstitial 
implants with I-125 seeds proved to be of particular value in cancer of 
the lung and prostate. In addition, 402 intracavitary applications were 
performed in 196 patients during the same period. 


Publications: Hilaris, B. S., "Surgical Radioisotope Therapy," Residents 
Manual, Memorial Hospital for Cancer and Allied Diseases (1968-1969). 


Hilaris, B. S., "A Manual for Brachytherapy," Second Edition (1970). 


Martini, N., B. S. Hilaris and E. J. Beattie, Jr., "Interstitial vs. 
External Irradiation Combined with Pulmonary Resection in Lung Cancer," 
Cancer, 26(3):638-641 (1970). 


Hilaris, B. S., R. K. Luomanen, G. D. Mahan, and U. K. Henschke, 
"Interstitial Irradiation of Apical Lung Cancer," Radiology 99(3) :655- 
660 (1971). 


Hilaris, B. S., R. K. Luomanen, and E. J. Beattie, Jr., "Integrated 
Irradiation and Surgery in the Treatment of Apical Lung Cancer," 
Cancer, 27(6) :1369-1373 (1971). 


Evans, S. R., Jr., B. S. Hilaris, and H. R. K. Barber, "External vs. 
Interstitial Irradiation in Unresectable Recurrent Cancer of the Cervix," 
Cancer, 28(5):1284-1288 (1971). 
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MERCAPTOCYCLOPROPYLAMINES: Donald T. Wittak 
RADIATION-PROTECTION AGENTS Ohio State University 
Research Foundation 
Columbus, Ohio 


EC-00115-04 


Project Description and Objectives: A review of the literature suggests 
that chemical modification of the mercaptoethylamine structure continues 
to be worthwhile in the synthesis of new radioprotective agents; some 
highly active derivatives have been reported. This project concerns 

the synthesis and biological evaluation of structurally rigid compounds 
which represent molecular modifications of mercaptoethylamine and 
mercaptopropylamine. 


These two compounds are among the most potent radioprotective agents 
and a study of compounds in which the NH» and SH groups are cis (i.e. 
held on the same side of the molecule) or trans (held on opposite sides 
of the molecule) should be complementary to the work of others concerning 
tn vivo mechanism of action. For preparation and biological evaluation 
of such cts and trans isomers (compounds with the same formula, but 
different geometry of substituents) a cyclopropane ring system is 
desirable. Utilization of the 3-membered ring represents the smallest 
function for importing rigidity to the molecule and therefore enables 
Synthesis of the cts and trans isomers most closely related to the 
parent mercaptoalkylamines. 


Stgntftcant Results: Two very important radiation-protective agents 

are beta-mercaptoethylamine (MEA) and gamma-mercaptopropylamine (MPA). 
During the past year, a study has been made of preparation of compounds 
(mercaptocyclopropylamines) related to MEA and MPA. These compounds have 
rigid structures and will be employed in the study of structural require- 
ments for radiation-protective activity in animals. Studies on the 
chemistry of these unknown compounds have resulted in two publications. 
The thesis summarizes much of the work to date relative to the titled 
compounds. Two compounds have been submitted for biological evaluation. 
The Division of Medicinal Chemistry, Walter Reed Army Hospital, will 
evaluate these compounds in mice for radiation-protective activity; 

they will be assayed against normally lethal doses of ionizing radiation. 


It is anticipated that the biological results will be of primary 
significance and will aid in directing future research in small ring 
mercapto-amine radiation-protective chemistry. The results should be of 
significance in elucidating the mechanism of action of these very 
important tn vivo protectors against ionizing radiation. In the future, 
information obtained from these studies should be of value in studying 
radiation-damage and protection in humans. Presently, the synthetic ' 
chemistry which has evolved is also of significance and will be of value 
to a number of chemists working in related areas. 
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Successful synthesis of an acid unstable derivative of mercaptocyclopropyl- 
methylamine represents one of the major accomplishments during the past 
year. This compound is a rigid compound related to MPA. It is anticipated 
that the compound, which has been separated into the pure cts and trans 
isomers, will show significant radiation protective activity. Also it 

is expected that there will be a difference in potency depending upon 
whether the groups on the cyclopropane ring are cts or trans. Biological 
results obtained will be of major importance for the direction of future 
research. These results should be forthcoming within the next three 

or four months. Study is being continued to explore the chemistry of these, 
as well as a number of related small ring analogs of MEA and MPA. 


The synthesis of such small ring compounds requires the development of new 
reaction pathways and separation and purification techniques. Success 

has been made in developing a number of important synthetic routes in 

this area; a variety of physical methods have been worked out for the 
purification of the synthesized compounds in order that the pure compound 
may be submitted for biological evaluation. Particularly difficult was 
separation of pure cis and trans isomers. Methods have been developed for 
their separation, purification and structural identification. Research 
papers are being written on some of these results for publication in 

major chemical and biological journals. 


Publications: Witiak, D. T. and M. E. Lu, "Product Ratio Analysis of the 
Reaction of Methyl cis- and trans-8-(Acetythio) acrylates with Diazomethane," 
J. Org. Chem., 33(12):4451-4454 (1968). 


Witiak, D. T. and B. K. Sinha, "Pyrazole Product Ratio Analysis of the 
Reaction of Diazomethane with Methyl cis- and trans-8-Chloroacrylates," 
J. Org. Chem., 35(2):501-503 (1970). 


Witiak, D. T., and M. E. Lu, "Synthesis of cis- and trans-2-(2'- 
Tetrahydropyranylthio) cyclopropylmethylamines,"' J. Org. Chem., 
35(12) 24209-4217 (1970). 


roe 


IN SITU ASSAY OF RADIOACTIVITY Edward M. Smith 
FOR DOSE CALCULATIONS . University of Miami 
Coral Gables, Florida 


EC-00117-02 


Project Description and Objectives: To quantitate the spatial and 
temporal distribution of radiopharmaceuticals in man so that more 
reliable absorbed dose calculations can be made. 


Significant Results: The quantitative distribution of radioactivity in 
two dimensions could be estimated using the isosensitive collimator 
developed for the imaging system. No clinical data has been obtained 
since the grant was terminated. 


Publications: Smith, E. M. and L. Katchis, "Multifunctional digital 
research scanning system," Medical Radioisotope Scintigraphy, 1:187-202 
(1969), IAEA, Vienna. 


Kenny, P. J., E. M. Smith, A. G. Kasenter, and J. F. Mibelli: "A High 
Sensitivity System for Quantitative Whole Body and Local Area Measure- 
ments,'' Nucl. Med., 855-864 (1971), University of Miami Press, © 
Miami. 
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TV IMAGE STORAGE, ELECTRONIC Willtam B. Miller, Jr. 
MEMORIES AND RADIOLOGY  , Emory University School of 
Medicine 


Atlanta, Georgia 
EC-0012 7-02 


Project Description and Objectives: This research includes several 
investigations pertinent to recent developments in the fields of 
television image storage, electronic memory systems, and diagnostic 
roentgenography. These include determination of systems characteristics, 


_adaptation of computer techniques to the production, storage and retrieval 


of images, and the performance of a series of controlled clinical trials 
to test operational hypotheses. 


The major aim is to obtain the necessary fundamental data on this new 
x-ray television method of visualization, which will lead to new concepts 
of diagnostic radiology, with emphasis on significant dose reduction to 
the patient and environment. 


Stgntficant Results: The major purpose of this research continues to be 
proof of the applicability of "electronic radiography" to routine x-ray 
procedures for the purpose of x-ray exposure reduction and instantaneous 
image production. Concurrently with the clinical evaluations under way, 
research into the physical factors related to "electronic radiographic" 
image formation and storage being performed in the laboratory. 

In the clinical application of "electronic radiography," the system has 
proven to have particular value in the performance of pediatric cystoure- 
thrography. In these cases any gonadal exposure is undesirable and must be 
kept to a minimum. A series of cases has been completed using x-ray 
factors essentially the same as those used for conventional fluoroscopy for 
several 1/30 second x-ray exposures. More than ample information was ob- 
tained for diagnostic interpretation with 3 to 11 seconds of x-ray 

exposure as compared with the 1 to 5 minutes ordinarily required. For 
example, where a conventional voiding cystogram would require fluoroscopy 
plus film radiography with a total exposure of about 4 R, equivalent diag- 
nostic information could be obtained using electronic radiography with a 
total exposure of about 200 mR. 


Renal biopsies are usually performed using intravenous urography and con- 
ventional fluoroscopy. Using "electronic radiography,'' the same number 
of diagnostic biopsies may be obtained, but with a decided reduction in 
exposure time. Approximately 30 separate x-ray images may be taken using 
conventional fluoroscopic technique with a total exposure time of 0.5 


seconds, affording a total exposure reduction of about 98 percent. 
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For certain catheter positioning, while still using fluoroscopic kVp 
and mA, the exposure time can often be shortened from 5-10 seconds to 
less than 0.1 seconds. 


The system has been used for two cases of fetal intrauterine transfusion, 
producing adequate x-ray imaging with greatly reduced equivalent exposure 
to the fetus. Hysterosalpingography has been performed with patient 
exposure being reduced to that equivalent to two seconds of conventional 
fluoroscopy. 


During these initial clinical investigations the x-ray exposure was kept 

to a minimum and some deterioration in image quality was naturally present, 
the objective being to determine the minimum x-ray photon requirement for 
various types of diagnostic image information. In every instance, however, 
sufficient image information was obtained to accomplish the diagnostic 
aims. 


For orthopedic procedures where the fine detail of a film radiograph was 
not required, reductions in exposure ranged from 1/500 to 1/1000 of that 
necessary to expose film. In the visualization of bones and joints, the 
exposure reduction afforded through the use of this system permitted the 
University Regional Rehabilitation Research and Training Center to proceed 
with a research project for investigation of hip joint parameters in 
susceptible populations (cerebral palsied children), the objective being 
the study and prevention of hip dislocations which are highly disabling 
to physical function. Without the low x-ray exposure “electronic radio- 
graphy" system, a study of this type would be questionable due to the 
gonadal exposure possibilities using conventional radiographic technique. 


Investigation of the physical aspects of television image production and 
integration as applied for "electronic radiography" confirmed that: 

(1) the TV camera tube has greater sensitivity and less reciprocity failure 
than film, and (2) the quantum integration capability of the camera tube 
permits use of exposure times from 1/1000 to 1/10 seconds to obtain the 
desired integration sensitivity. 


In addition, this research lead to the development and evaluation of 

a large external screen x-ray image intensifier for use with the "elec- 
tronic radiography" system to increase the field of view. This device 
proved to operate satisfactorily with the same low x-ray exposure levels 
as those used with the conventional intensifier; and with a much greater 
dynamic range. 


It is felt that this research has clearly shown the diagnostic x-ray 
exposure reduction and imaging capabilities of "electronic radiography" 
systems; and will prove to be one of the milestones in the development of 
roentgenographic visualization techniques for the armamentarium of the 
radiologist and physician. 
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Publications: Baker, V.D., A. R. Moses, W. B. Miller, and H. S. Weens, 
"Large-Screen Image Intensification," Radiology, 89(3):688 (1971). 






tie * ie. 
wee! S ideas 
Le oe ae he eat fas 
Tis ale 


bf eee i! ‘ , : 
hr rg , i “~ 









’ ; _ 
fA 
te 
é o 
f YW Digs dated 
A i y 
,i a 


Pie) Pal 
aad 
aia sy 
' f 
| Aa Ries 
bh q A i's 
2a 2 oe by , i o5 ! 
, , 
i Pra Poe 


/ 
7 
- 
a4 
f af 


4 
= ~ , 


rs 


: * : 
“a 


. j ‘ 
| ‘i 

_ 
a 

/ , op P- 
i Coal RR Rey fo 
a | i - y o 4 : ' 
it ae Rive batthip og sa 
4 , 





ity Uvwe 


>i! to 


143 


MEDICAL PHYSICS CONFERENCE Edward W. Webster 
Massachusetts General Hospital 
Boston, Massachusetts 


EC-00130-01 


Project Description and Objectives: This Conference was planned to 

bring together a national and international group of about 600 medical 
physicists to explore the present state of the art of medical physics, 

its problems and future trends. Emphasis was placed on current research 
in medical nuclear physics, radiation dosimetry as it affects medical 
therapy and diagnosis, radiation protection in medical institutions, 
radiobiology as it concerns radiotherapy and radiation protection, and 
Several other topics relating to the applications of physics and engineer- 
ing in medicine including artificial limbs and organs, patient monitoring, 
biological measurements in hostile environments, and the medical uses of 
ultrasound, thermography and coherent light. In addition a primary purpose 
was to review the important frontiers of medical physics for the benefit 
of U.S. specialists in this field by means of a series of symposia given 
by internationally recognized specialists. 


Stgntficant Results: 243 papers including 25 invited papers presented in 
seven symposia were given. 


Publtcattons: Abstracts of papers - Second International Conference on 
Medical Physics, Inc., Boston, Massachusetts. Published in Physics in 
Medicine and Biology, 15:134-221 (1970). 


Laughlin, J. S. and E. W. Webster, "Advances in Medical Physics," 
Published by Second International Conference on Medical Physics, 
Inc., Boston, Massachusetts, pp. 1-360 (1971). 
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NEW DECONTAMINATION TECHNIQUES Joseph M. Genco 
FOR RADIUM-226 Battelle Memorial Institute 


Columbus, Ohio 
EC-00134-01 


Project Deseription and Objectives: The objective of the proposed 
research is to develop new techniques for decontaminating surfaces 
that have become contaminated as the result of an accident or leak 
involving a radioactive source containing radium-226 salts or as the 
result of a direct spill of radium-226 salts. 


Significant Results: New techniques, including strippable coatings and 
liquid and solid foaming systems, were investigated for decontaminating 
radium from surfaces. In the initial studies, barium salts tagged with 
133Ra were used as simulants for radium salts. Small representative samples 
of various surfaces, including stainless steel, aluminum, lead, formica, 
ceramic tile, vinyl tile, vinyl asbestos tile, concrete, plaster, brick, 
blacktop, wallboard, plywood, and hardwood flooring, were prepared and 
contaminated with barium salts after which the new decontamination 
techniques were tried. The most promising technique involved the use of 
strippable coatings containing the chelating agent EDTA (ethylene- 
diaminetetraacetic acid) as a reactive filler. For nonporous surfaces, 
the most effective coating developed was a natural rubber latex emulsion. 
For porous surfaces, such as unpainted concrete and brick, which are 
extremely hydrophilic, water must be avoided for successful decontamin- 
ation. Therefore, a strippable coating having polyvinyl chloride as the 
binder and utilizing toluene as the solvent was developed. The decon- 
tamination factor (DF), defined as the ratio of the gamma count existing 
on the surface before decontamination to the gamma count rate following 
decontamination was about 100 for nonporous surfaces and about 4 for 
porous surfaces. Successive applications of the organic solvent 
strippable coating on porous surfaces increased the DF to about 50. 
Experiments with microcurie quantities of 226Ra, in equilibrium with its 
eoencets yielded about the same DF's based on gamma count rates as 

for Ba. 


Publications: None. 
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QUANTITATIVE ORGAN VISUALIZATION Albert J. Gilson 
IN NUCLEAR MEDICINE University of Miami 
Coral Gables, Florida 


EC-00135-01 


Project Description and Objectives: The objective of holding this 
Conference is to assemble a group of the world's experts on quantitative 
organ visualization in nuclear medicine so that the following questions 
and statements can be considered: 


1. What instrumentation currently exists for quantitative organ 
visualization and what are the capabilities and limitations of these 
systems? 


2. Will continuation of the development of this instrumentation 
lead to optimal systems for quantitative organ visualization, or must 
new instrumentation systems be developed? 


3. Specify the characteristics of an optimal quantitative organ 
visualization system. Can a single system for all studies be developed? 


4, Evaluate the problems associated with calibrating organ 
visualization systems. 


5. Determine whether or not quantitative organ visualization 
systems are or will be of value in clinical nuclear medicine, or 
whether their usefulness is limited to research endeavors. 


Along with individual experts discussing specified topics, panels of 
these experts will discuss and debate the merits of various methods of 
approaching and solving the problems associated with quantitative organ 
visualization. 


After the Conference is completed the results will be published and 
widely disseminated so that the conclusions and information gained 
will be readily available to the science community. 


Signtficant Results: Not applicable. 


Publicattons: Kenny, P. J. and E. M. Smith, editors, "Quantitative Organ 
Visualization in Nuclear Medicine," University of Miami Press (1971). 
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IONIZING RADIATION BEHAVIORAL Ernest Furchtgott 
DEVELOPMENT AND AGING University of South Carolina 
Columbia, South Carolina 


EC-00143-01 


Project Description and Objectives; To determine the behavioral effects 
of ionizing radiation administered during the developmental period. The 
effects of age at the time of exposure as well as dose will be determined. 
Different types of functions, simple as well as complex, will be investi- 
gated. Animals will be studied throughout their lifespan to see 

whether the effects of irradiation remain constant, or whether they 

become exacerbated or ameliorated. The latter aspect of the research 

also should provide data for an analysis of behavioral changes during 
aging. The interrelationship of the various changes may provide us with a 
model for a behavioral embryology. 


Stgnificant Results: There have been some research reports according 

to which rats irradiation in utero on day 18 of gestation with 1 R of 
x-rays showed deficits in conditioning as adults. Since this is by far 
the smallest quantity of irradiation reported to induce relatively perma- 
nent changes, an attempt was made to replicate this work. In a series of 
experiments with the Kotlyarevsky technique it has not been possible to 
observe deficits even with doses of 50 R, although animals exposed to 

100 R did show changes on some, but not all indexes of conditioning. 


In other experiments prenatally irradiated rats (50 to 200 R) were 

tested in various kinds of aversive conditioning situations. Here, too, 
no permanent changes could be observed in animals exposed to 50 R, but 
animals which has received 200 R showed large changes. In addition, there 
was a relationship between task difficulty and the response observed using 
drugs affecting the central nervous system. Thus, it is inappropriate to 
say that prenatal x-irradiation induces deficits in conditioning. 


Some preliminary observations have indicated changes in the matemal 
behavior of irradiated rats and in the behavior of nonirradiated rats 
toward irradiated pups. Thus some of the previous findings of deviant 
behavior in adult rats exposed to ionizing radiation during development 
is associated with some of the changes observed in the mother-pup inter- 
action prior to weaning. However, these changes cannot account for all 
of the observed deficits in adult rats which had been exposed in utero. 


Note: This project was previously supported at the University of 
Tennessee, Knoxville, Tennessee under grant number EC-00070-14. 
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Publiecattons: Furchtgott, E., "Comment on 'Prenatal Anoxia and Irradiation: 
Maternal-Fetal Relations'", Psychol. Rep., 10:115-118 (1962). 


Furchtgott, E., R. K. Lore, and W. G. Morgan, "Depth Perception in 
Prenatally X-Irradiated Rats,'"' Percept. Mot. Skills, 15:703-710 (1964). 


Furchtgott, E. and E. E. Cureton, "Factor Analysis of Emotionality and 
Conditioning in Mice," Psychol. Rep., 15:787-794 (1964). 


Dees, J. W. and E. Furchtgott, "Drive Generalization," Psychol. Rep., 
15:807-810 (1964). 


Furchtgott, E., "Radiation as a Tool in Studies of Behavioral Age Changes," 
Behavior, Aging and the Nervous Systems, Charles C. Thomas, publisher, 
pp. 1-11 (1965). 


Boyles, W. R., R. W. Black, and E. Furchtgott, ''Early Experience and 
Cardiac Responsivity in the Female Albino Rat," J. Comp. Physiol. Psychol., 
59(3):447-449 (1965). 


Furchtgott, E., and G. McA. Kimbrell, "Olfactory Discrimination in Pre- 
natally X-Irradiated Rats," Rad. Res., 30(2):217-220 (1967). 


Deagle, J. and E. Furchtgott, "Passive Avoidance in Prenatally X-Irradiated 
Rats,'"' Dev. Psychobiol., 1(2):90-92 (1968). 


Furchtgott, E., R. S. Tacker, and D. O. Draper, "Open-Field Behavior and 
Heart Rate in Prenatally X-Irradiated Rats," Teratology, 1(2):201-206 
(1968). 


Furchtgott, E., "Behavioral Effects Produced by Irradiation During the 
Developmental Period," Am. Zoologist, 7(4) (1967). 


Walker, S. and E. Furchtgott, "Effects of Prenatal X-Irradiation on the 
Acquisition, Extinction and Discrimination of a Classically Conditioned 
Response," Rad. Res., 42(1):120-128 (1970). 


Furchtgott, E., J. R. Jones, R. S. Tacker, and J. Deagle, "Aversive 
Conditioning in Prenatally X-Irradiated Rats," Physiol. Behav., 5:571-576 
(1970). 


Furchtgott, E., "Behavioral Effects of Ionizing Radiations,' Pharmacological 
and Biophysical Agents and Behavior, pp. 1-64 (1971). 


1 ie 


STUDIES IN RADIATION PROTECTION Robert R. Kuntz 
University of Missouri 
Columbia, Missouri 


EC-00190-06 


Projeet Desertptton and Objectives; To clarify the molecular mechanisms 
of radiation damage to a system and chemical protection from this damage, 
These studies, conducted on model systems are designed to provide infor- 
mation which may be used for a quantitative prediction of the rate and 
mechanism by which damage will occur as a function of the molecular 
structure of the species exposed to the radiation. Such studies are 
expected to lead to development of more effective chemical protectors. 


Significant Results: Studies of the molecular mechanism for decomposition 
of radiosensitive compounds of biological importance have been the subject 
of investigations during the past year. 


The indirect attack route for the decomposition of amino acids by free 
radicals produced in the deposition of energy in radiolysis systems has 
been investigated using the methyl radical as a model attacking species. 
Results show that free radicals attack only the a-carbon on aliphatic 
amino acids and the side chain exerts only steric effects on the reaction 
rate. 


The direct decomposition of cysteine by ultraviolet light simulates the 
environment of cysteine or a cysteine-like molecule which is excited 
directly by ionizing radiation. The yield of atomic hydrogen from this 
process has been determined and the rate of H-atom attack on the -SH 

group has been measured using a competition technique. This rate constant 
is nearly as large as that observed for the OH radical. 


The mechanism by which H-atoms react with radiation protectors and 
radiation sensitizers has been measured in a radiolytic system as a 
function of pH. A significant mechanistic difference appears, in this 
mechanism, between thiols which act as protectors, and those that act as 
sensitizers. These results are presently being confirmed for possible 
exploitation as a probe to determine the protective potential of a compound. 


Publteationg: Kuntz, R. R., "The Reactions of Hydrogen Atoms with Simple 
Thiols,” J. Phys. Chem., 71:3343-3345 (1967). 


Volkert, W. A. and R. R. Kuntz, "The Reactions of Hydrogen Atoms in Aqueous 
Solutions. Some Amino Acids," J. Phys. Chem., 72:3394-3400 (1968). 


Taha, I. A. and R. R. Kuntz, "Methyl Radical Reactions in Aqueous Solutions. 
I. Hydrogen Abstraction from Acetone," J. Phys. Chem., 73:4406-4409 (1969). 
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Taha, I. A. and R. R. Kuntz, "Methyl Radical Reactions to Aqueous 
Solutions. II. Hydrogen Abstraction from Amino Acids," Photochem. 
Photobiol., 13:79-82 (1971). 


To 


CELLULAR LOCALIZATION OF XENON BY Robert J, Schutz 
MI CRORADIOGRAPHY Albert Einstein College of 
Medicine 
New York, New York 


EC-00199-04 


Project Deseriptton and Objectives: It has been shown in this laboratory 


that xenon gas, in the presence of oxygen, markedly potentiates the 
effects of x-irradiation. Because xenon is chemically inert, the site 
and mechanism of its potentiating action are of great importance in 
radiobiology. Using the methods of microradiography an attempt will 
be made to localize xenon at the intracellular level and to quantitate 
the amount of xenon present at specific sites. 


Significant Results: It has been discovered that mammalian cells are 
sensitized to x-radiation when they are exposed to xenon gas at the time 
of irradiation. Specifically, HeLa cells exposed to xenon at a partial 
pressure of 3.5 atmospheres have a mean lethal dose one half that of 
cells exposed to air. This is opposite to earlier investigations by 
Hornsey et al and Evans et al that showed xenon to provide an anoxic 
type of protection to the bean root and the mouse respectively. No 
experiments connected with this project to date have resulted in an 
explanation for these differences in response. However, it has been 
demonstrated that similar sensitization is obtained in the Chinese 
hamster cell and it is likely that all mammalian cells will respond 
approximately the same way. 


Studies have also been extended to the inert gases krypton and argon. 
These gases also sensitize HeLa cells to the effects of x-irradiation 
but much higher pressures are required. It has been observed that there 
is a direct correlation between the gas pressure required to achieve a 
given level of sensitization and the quantity of the gas dissolved in 
cellular lipids. It is expected that concurrent microradiographic 
studies of xenon cellular distributions will help to elucidate the 
mechanisms of inert gas sensitization. 


Microradiographic studies of normal HeLa cells are well underway. 

Although current techniques clearly show nuclear detail such as individual 
nucleoli, the cytoplasm remains largely unresolved because in the plated 
cell it is only a fraction of one micron thick. Modifications in the 
microradiographic apparatus will permit softer x-ray beams to be used and 
these should permit visualization of cytoplasmic structure. 


Apparatus for localizing xenon within the HeLa cell has been completed 
and is currently being tested. This will require freezing the cells 
containing xenon to below the freezing point of xenon, -112°C, and then 
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making the microradiography. Many technical problems have had to be 
overcome; however, the first microradiographs of deep-frozen, hydrated 
cells are now in hand. These will be used as a reference for the first 
xenon localization studies. 


Publications: Schulz, R. J., A. M. Markoe and R. Anigstein, ''Xenon: 
Effect on Radiation Sensitivity of HeLa Cells," Science, 163:571-572 
(1969). 
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During FY 1971 the following research grants were transferred to the 


Environmental Protection Agency. 


Title and Grant Number 


Environmental Effects on the 
Content of Cs-137 in Milk 
EC-00067-09 


Follow-up Study of Patients Who 
Received Thorotrast and of 
Control Group 

EC-00068-10 


Radiolysis of Heterogeneous 
Systems 
EC-00077-07 


8-Irradiation Effects on Dermal 
Vascular Permeability 
EC-00079-08 


Radiation Protection and Recovery 
in Germfree Animals 
EC-00080-08 


Displacement Reaction of Anti- 
Radiation Drugs 
EC-00083-08 


Comparative Effects of Two 
Radiation Exposure Regimes 
EC-00101-06 


Tooth Collection for Radioactive 
Nuclide Study 
EC-00102-09 


Late Effects of Thorium Dioxide 
Retention in Humans 
EC-00108-04 


Principal Investigator and 
Institution 


Robert C. Pendleton 
University of Utah 
Salt Lake City, Utah 


Jorge da Silva Horta 
University of Lisbon 
Lisbon, Portugal 


Francis J. Johnston 
University of Georgia 
Athens, Georgia 


Joseph Tabachnick 
Albert Einstein Medical Center 
Philadelphia, Pennsylvania 


Raphael Wilson 
University of Notre Dame 
Notre Dame, Indiana 


Robert E. Davis 
Purdue Research Foundation 
Lafayette, Indiana 


Donald G. Willhoit 
University of North Carolina 
Chapel Hill, North Carolina 


Harold L. Rosenthal 
Washington University 
St. Louis, Missouri 


Murray L. Janower 
Massachusetts General Hospital 
Boston, Massachusetts 
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Title and Grant Number 


ESR Absorption of Irradiated 
Organic Crystals 
EC-00103-04 


Modification of Bacterial 
Conjugation by Radiations 
EC-00109-16 


The Value of Radioprotective 
Compounds 
EC-00111-03 


Behavioral Effects of Low 
Intensity UHF Radiation 
EC-00116-04 


Highly Active Strontium Binders 
EC-00120-03 


Radiation Induced Free Radicals 
and Radical Pairs 
EC-00121-02 


Macromolecular Radiation 
Pathology 
EC-00123-03 


Renal Pharmacology and Toxicology 
of Fallout Nuclides 
EC-00128-03 


Fate of Harmful Metals in Sail 
and Water Systems 
EC-00145-02 


Radon Progeny Exposure Control 
In Buildings 
EC-00153-02 


Studies on Antiradiation Agents 
EC-00204-02 


Principal Investigator and 
Institution 


Ichiro Miyagawa 
University of Alabama 
University, Alabama 


Thomas H. Wood 
University of Pennsylvania 
Philadelphia, Pennsylvania 


Richard I. Wang 
Marquette University 
Milwaukee, Wisconsin 


Susan F. Korbel 
University of Arkansas 
Fayetteville, Arkansas 


Stanley C. Skoryna 
McGill University 
Montreal, Canada 


Grace C. Moulton 
Florida State University 
Tallahassee, Florida 


Scott W. Jordan 
University of New Mexico 
Albuquerque, New Mexico 


B. V. Rama Sastry 
Vanderbilt University 
Nashville, Tennessee 


Wesley E. Nelson 
Tuskegee Institute 
Tuskegee, Alabama 


Keith J. Schiager 
Colorado State University 
Fort Collins, Colorado 
John L. Wong : 
University of Louisville 
Louisville, Kentucky 
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~ BIOLOGICAL ENRICHMENT CHAINS OF Jorma K. Mettinen 
RADIONUCLIDES IN FINNISH LAKES University of Helsinki 
Helsinki, Finland 


EC-00087-05 


Project Description and Objectives: The purpose of the project is to 
elucidate the limological factors affecting the accumulation of the 
biologically most important radion lides in fresh water organisms, 
especially fish. Food chains of Cs from the global fallout 

will be studied in 12 lakes of limologically different types (from 
nutrient deficient ones to those rich in nutrients). In addition, 
isotope labelling experiments will be carried out with 137¢5, 85syr, 13lz, 
140Ba and '5ca in five lakes of different limmological types in order to 
determine quantitatively the changes with time in the distribution 

of the isotope between different compartments of the lake biosysten. 


Stgntficant Results; Since 1963 the 137¢s content of water plants, plankton 
and various fish species in 10 Finnish lakes have been followed. In 

most species maximum values were observed in eutrophic lakes in 1964 

and in oligotrophic lakes in 1965. Since then the !37Cs contents have 
decreased exponentially with an apparent half-time of 2 to 4 years in 
plankton and fish and 3 to 4 years in the plant species studied. 

The rate of decrease also depends on the trophic type of the lake, 

being usually faster in eutrophic lakes. 


A total balance experiment was carried out in a small dysoligotrophic 
lake by pumping 4mci }3!Ba from a moving boat and mixing it homogeneously 
into the productive layer. For several weeks, water, plankton, plants 
and fish were analyzed periodically. Accumulation of the nuclides 
continued in most species for 5 to 7 days, when their equilibrium was 
reached. Enrichment factors reached (pCi/kg fr wt/pCi/litre water) 
were in plankton 4 - 26°10°, in plants 700-1800, and in fish 2000-4000 
except in small perch where it was 2300. The uptake of barium was much 
slower than that of calcium, which was studied earlier. During the 
whole experiment only 40 percent of 13!Ba was removed from the water, 
while this removal of calcium took place on the first day of the 
experiment. 


Publications: Miettinen, J. K., "Radioaktiva Naringskedjor I Lappland," 
Sartryck ur Naringsforskning Nr 4 (1965). 


Hasanen, E., S. Kolehmainen, and J. K. Miettinen, "Biological Half- 
Time of 137Cs in Three Species of Fresh Water Fish: Perch, Roach and 
Rainbow Trout," International Symposium on Radioecological Concen- 
tration Processes in Stockholm, April 25-29, 1966. 
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Kolehmainen, ain E. Hasanen, and’ Ae K. Miettinen, naan Put. 
of Different Limological Types of Lakes ; in Finland During TO 63yNr on 
Health PHYS 4) 2: 917-922 (1966). 





Rotehuainens ae a Talataln: and J. K. Miettinen, "A Tracer pert 
ment with I-131 in an Oligotrophic Lake," Proceedings of the 2nd 
National Symposium, Ann Arbor, Michigan (May 15-17, 1967). 
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IRRADIATION MARROW TRANSPLANTATION E. Donnall Thomas 


IN LARGE ANIMALS University of Washington 
Seattle, Washington 


EC-000 88-06 


Project Desertptton and Objectives; To investigate protection against 
the lethal effects of whole body irradiation by bone marrow transplan- 
tation. Two major and necessary correlative studies include: 


1. Methods of maintaining life during periods of bone marrow 
failure. These techniques will include maintenance of electrolyte and 
water balance, prevention and control of infection, provision of plate- 
lets and provision of large numbers of granulocytes. 


2. Studies of the immunological complications of marrow trans- 
plantation. These will include studies of the nature of the immunologic 
reactions responsible for graft rejection or graft-versus-host disease 
and studies of means of control of immunologic reactions using immuno- 
suppressive drugs, antilymphocyte serum and extracorporeal irradiation. 


Stgntficant Results: The individual exposed to a high dose of whole 
body irradiation is in danger of death from bleeding and infection 
because of destruction of the very sensitive bone marrow that produces 
platelets and white blood cells. A transplant of normal bone marrow 
would obviously be desirable, but the physician caring for such a 
patient is confronted with a dilema in that (a) if the irradiation 
exposure is sublethal a transplant is not needed and might be dangerous 
since there is evidence in mice that an attempted marrow transplant 
might be harmful, or that (b) if the transplant is successful there is 
danger of graft-versus-host disease. Clearly the risk of graft-versus- 
host disease should be accepted if lethality is certain otherwise, but 
the irradiation exposure is not usually known with certainty in irrad- 
iation accidents. Accordingly, it seemed worthwhile to explore, in 
dogs, radiation exposures (400-600 R) that are in the range of mid- 
lethal to lethal doses. The studies were carried out under well- 
standardized conditions where marrow grafts are consistently achieved 
after very high radiation exposures (1200 R). Unrelated donors and 
recipients were used. 


A comparison of survival times, white blood cells and platelet 

counts and marrow histology at all 3 radiation exposures showed no 
difference in the animals given marrow and the controls. Marrow grafts 
did not occur and no harmful effect of the marrow transplant could be 
demonstrated. On the other hand, dogs whose own marrow had been frozen 
prior to the experiment and readministered after the irradiation 
exposure all survived. It is likely, therefore, that the irradiation 
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accident victim will not benefit from an attempted marrow transplant 
unless marrow from an identical twin or close relative or marrow 
selected by histocompatibility typing is available. 


In another study involving unrelated dogs, the marrow from the donor 

was preserved by freezing to -80°C in 10 percent dimethyl sulfoxide. 
(Earlier studies had shown that marrow can be kept for years at low 
temperatures.) At the time of freezing the marrow was "typed" using 

8 canine histocompatibility typing sera. After administration of 

1200 R to the recipient, the donor marrow was thawed and administered 
intravenously. The results in 10 recipients that were matched with 

their donors were compared with the results in 10 mismatched recipients. 
The results showed clearly that matched recipients survived significantly 
longer than did the mismatched ones. Two of the matched dogs became 
permanent chimeras and are alive and well more than one year later. 

These experiments indicate the feasibility of setting up a "marrow 

bank" using human marrow that has been typed histocompatibility typing 
sera that have been developed in connection with the human kidney 
transplant program. From such a pool of preserved marrow specimens, an 
appropriate donor marrow could be selected on the basis of the recipients 
histocompatibility type. 


Publications: Epstein, R. B., J. W. Eschbach, Jr., and E. D. Thomas, 
"Prolongation of Skin Graft Survival by Methotrexate and Cross Cir- 
culation,'' Transplantation, 3(4):484-489 (1965). 


Burnell, J. M., E. D. Thomas, J. S. Ansell, H. E. Cross, D. H. Dillard, 
R. B. Epstein, J. W. Eschbach, Jr., R. Hogan, R. H. Hutchings, ‘ 
A. Motulsky, J. W. Ormsby, P. Poffenbarger, B. H. Scribner, and 

W. Volwiler, "Observations on Cross Circulation in Man," Am. J. Med., 
832-841 (1965). 


Thomas, E. D., G. L. Plain, and D. Thomas, "Leukocyte Kinetics in 
the Dog Studied by Cross Circulation," J. Lab. Clin. Med., 66(1): 
64-74 (1965). 


Thomas, E. D., R. B. Epstein, J. W. Eschbach, Jr., D. Prager, 
C. D. Buckner, and G. Marsaglia, "Treatment of Leukemia by Extracor- 
poreal Irradiation," N. Engl. J. Med., 273:6-12 (1965). 


Eschbach, J. W., Jr., R. B. Epstein, J. M. Burnell, and E. D. Thomas, 
"Physiologic Observations in Human Cross Circulation," N. Engl. J. Med., 
273:997-1003 (1965). 


Pillow, R. P., R. B. Epstein, C. D. Buckner, E. R. Giblett, and 
E. D. Thomas, ''Treatment of Bone-Marrow Failure by Isogeneic Marrow 
Infusion," N. Engl. J. Med., 275:94-97 (1966). 
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Epstein, R. B., T. C. Graham, C. D. Buckner, J. Bryant, and E. D. Thomas, 
"Allogeneic Marrow Engraftment by Cross Circulation in Lethally 
Irradiated Dogs,'' Blood, 28:692-707 (1966). 


Epstein, R. B., J. Bryant, and E. D. Thomas, "Cytogenetic Demonstration 
of Permanent Tolerance in Adult Outbred Dogs," Transplantation, 5(2): 
267-272 (1967). 


purnell, J. M.,°J. K.” Dawborn, ’R. B. Epstein, RR. A.: Gutman, G. E. Leinbach, 
E. D. Thomas, and W. Volwiler, "Acute Hepatic Coma Treated by Cross- 
Circulation or Exchange Transfusion," N. Engl. J. Med. 276:935-943 

(1967). 


Storb, R., R. B. Epstein, H. Ragde, J. Bryant, and E. D. Thomas, 
"Marrow Engraftment by Allogeneic Leukocytes in Lethally Irradiated 
Dogs ,'' Blood, 30(6) :805-811 (1967). 


Storb, R., R. B. Epstein, C. D. Buckner, and E. D. Thomas, ''Treatment 
of Chronic Lymphocytic Leukemia by Extracorporeal Irradiation," 
Blood, 31(4):490-502 (1968). 


Storb, R., R. B. Epstein, J. Bryant, H. Ragde, and E. D. Thomas, 
"Marrow Grafts by Combined Marrow and Leukocyte Infusions in Unre- 
lated Dogs Selected by Histocompatibility Typing," Transplantation, 
6(4) :587-593 (1968). 


Forkey, D. J., K. L. Jackson, G. M. Christensen, "Contribution of Bile 
to Radiation-Induced Sodium Loss Via the Rat Small Intestine," 
Int. J. Rad. Biol., 14(1):49-57 (1968). 


Storb, R., R. B. Epstein, and E. D. Thomas, "Marrow Repopulating 
Ability of Peripheral Blood Cells Compared to Thoracic Duct Cells," 
Blood, 32(4) (1968). 


Epstein, R. B., R. Storb, H. Ragde, and E. D. Thomas, "Cytotoxic 
Typing Antisera for Marrow Grafting in Littermate Dogs," Transplantation 
6(1) 45-58 (1968). 


Epstein, R. B., R. A. Clift, and E. D. Thomas, "The Effect of Leuko- 
cyte Transfusions on Experimental Bacteremia in the Dog," Blood, 34(6): 
782-790 (1969). 


Epstein, R. B., R. Storb, R. A. Clift, and E. D. Thomas, "Transplantation 
of Stored Allogeneic Bone Marrow in Dogs Selected by Histocompatibility 
Typing," Transplantation, 8(4):496-501 (1969). 

Storb, R., R. B. Epstein, R. H. Rudolph, and E. D. Thomas, "Allogeneic 
Canine Bone Marrow Transplantation Following Cyclophosphamide," 
Transplantation, 7(5):378-386 (1969). 
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Rudolph, R. H., B. Hered, R. B. Epstein, and E. D. Thomas, ''Canine 
Mixed Leukocyte Reactivity and Transplantation Antigens," Transplan- 
tation 8(2):141-146 (1969). 


Storb, R., H. Ragde, and E. D. Thomas, "Extracorporeal Irradiation 
of the Blood in Baboons," Rad. Res., 38(1):43-54 (1969). 


SLOLD UR. Ce Daa BUCKIEr. OR ube Epstein, T. Graham, and E. D. Thomas, 
"Clinical and Hematologic Effects of Cross Circulation in Baboons ," 
Transfusion, 9(1):23-31 (1969). 


Thomas, E. D., R. Storb, R. B. Epstein, and R. H. Rudolph, "Symposium 
on Bone Marrow Transplantation: Experimental Aspects in Canines," 
Transplantation Proceedings 1(1):31-33 (1969). 


Epstein. Rs B., ReiSrOLD., Raw A wi Clis 6a nds teil). Thomas, ''Autologous 
Bone Marrow Grafts in Dogs Treated with Lethal Doses of Cy clophospha- 
mide,'' Cancer Res., 29:1072-1075 (1969). 


Clift, R. A., R. B. Epstein, and E. D. Thomas, "Leukocyte Transfusions 
and Experimental Bacteremia in the Dog," Editions Du Centre National 
de la Recherche Scientifique 185:53-59 (1970). 


Thomas, E. D., R. LeBlond, T. Graham, and R. Storb, 'Marrow Infusions 
in Dogs Given Midlethal or Lethal Irradiation," Rad. Res., 41(1): 
113-124 (1970). 


Storb, R., R. B. Epstein, T. C. Graham, and E. D. Thomas, "Methotrexate 
Regimens for Control of Graft-Versus-Host Disease in Dogs with 
Allogeneic Marrow Grafts, Transplantation, 9(3) :240-246 (1970). 
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LOW LEVEL GAMMA RADIATION AND George M. Krise 
PHYSIOLOGICAL PERFORMANCE Texas A & M Research Foundation 
College Station, Texas 


EC-00089-05 


Project Description and Objectives: To test the effects of virtually 
continuous (20 hours per day) exposure to various relatively low 
doses of ionizing radiation on the ability of the test animal, the 
Spanish goat, to perform both reproductively and physiologically. 


Signtficant Results: During this terminal year the 7 R and 2 R per 
day animals reached their median to death time. As in other exposure 
groups of this series the females succumbed to these low levels of 
radiation before the males. The median survival time for 7 R exposed 
animals was 366 days for females and 1152 days for males. A group of 
goats were exposed at an intermediate exposure level of 15 R per day 
to- bridge the gap between the 7 R and 30 R per day exposures. The 
median survival time for these 15 R per day exposed animals was 161 
days for females and 240 days for males. In addition to these data 
the hematological studies, physiological performance studies and 
semen analysis studies were included in the data presently being 
processed. 


Publications: Szabuniewicz, M., J. D. McCrady, and A. R. Banknieder, 
"Opthalmodynamometry Clinical Measurement of Blood Pressure in the 
Goat ,'' Southwest. Vet., 19(4) (1966). 


Szabuniewicz, M., and D. R. Clark, "Analysis of the Electrocardiograms 
of 100 Normal Goats,” Am. J. Vet. Res., 28(123) :511-516 (1967). 


Szabuniewicz, M., R. H. Davis, Jr., and S. 0. Brown, "The Terminal 
Electrocardiogram in Irradiated Goats," Southwest. Vet., 21(2) (1968). 


Austin, J. W., R. B. Leidy, G. M. Krise, and E. W. Hupp, "Normal 
Values for Semen Collected frem Spanish Goats by Two Methods," 
J. Appl. Physiol. 24(3) :369-372 (1968). 


DeShaw, J. R., S. O. Brown, and M. Szabuniewicz, "Hematology of the 
Developing Juvenile Spanish Goat," Southwest. Vet., 22(4) (1969). 


Szabuniewicz, M., W. E. Hupp, and J. W. Austin, "Management of Experi- 
mental Goats," Southwest. Vet., 22(2) (1969). 
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DIGITAL COMPUTING TECHNIQUES IN John L. Howarth 
RADIOLOGICAL PROBLEMS University of New Mexico 


Albuquerque, New Mexico 


EC-0009 3-04 


Project Description and Objectives; The application of computer 
techniques to radiological problems with particular reference to the 
following: 


1. The computation of doses near boundaries in inhomogeneous 
media irradiated with ionizing radiations, with particular 
reference to soft-tissue cavities in bone. 


2. The development of mathematical models for the growth 
and dissemination rates of malignant tumors. 


3. Calculations of the gamma-ray energy absorbed in bodies of 
different shapes containing distributed radioactive materials 
and of other miscellaneous data of interest in radiology. 


Stgntftcant Results: Further calculations have been made of doses 
near boundaries in inhomogeneous absorbers irradiated with x-rays 

with particular reference to soft tissue cavities in bone. The theory 
has been extended to cover continuous x-ray spectra. Some further 
progress has been made in deriving mathematical models for growth 

and dissemination rates of malignant tumors, with the intention of 
improving estimates of prognosis in such cases. 


Publtecattons: None. 
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CHELATION IN RADIATION PROTECTION Seymour S. Block 
CHEMICALS University of Florida 
Gainesville, Florida 


EC-00095-03 


Project Description and Objectives; To better understand the 
mechanism of chemical protectants against fonizing radiation and to 
be able to produce more effective and useful materials. More 
specifically, it is planned to synthesize and study the effect of 
protectant compounds that are capable of chelation. The effect of 
chelation on radiation protection is being investigated by producing 

a series of compounds that have the same reactive structure and are 
known to chelate and to be radioprotective, but to introduce substitu- 
tents in the nonreactive part of the molecule, which will influence 
the electrical properties and thereby the ability to chelate. Synthetic 
work for preparation of new compounds is described. 


Stgnificant Results: Our research has demonstrated that the radiation 
effect on ribonuclease is very complex, comprising both chemical and 
physical damages to the molecule; some of these are irrelevant to 

enzyme activity, while others destroy the activity of the enzyme. 
Present evidence indicates that the radiation effect is mediated through 
reactive free radicals formed from water. Since every biological system 
must be regarded as essentially an aqueous medium, it is clear that 
research should be addressed to the study of these free radicals and 
their effects. Through such work, we can hope to acquire additional 
knowledge of means to enhance or minimize radiation effects. 


Publicattons: Block, S. S., D. D. Mulligan, J. P. Weidner, and 
D. G. Doherty, "Chelation and Radiation Protection," Rad. Protection 
and Sensitization, Rome (May 1969). 


Block, S. S., D. D. Mulligan, J. P. Weidner, and D. G. Doherty 
"Radioprotectants for Bacteria and Mice," Developments in Industrial 
Microbiology, Chapter 42(11):428-437 (1970). 
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HEMATOLOGIC RESPONSES TO NON~ Donald G. Wilthoit 
HOMOGENEOUS [RRADIATION University of North Carolina 
Chapel Hill, North Carolina 


EC-00105-03 


Project Desertptton and Objectives: (1) To determine if changes in 

the peripheral blood following partial body exposure may be used as 
indicators of lethal radiation injury. (2) To develop expressions for 
dose and dose distribution factors for non-uniform radiation exposure. 


Significant Results: Hemotologic studies were conducted on rats exposed 

to either whole-body, upper-body, or lower-body x-irradiation. For 

each of the three exposure conditions studied, there was an immediate 

drop in the lymphocyte count which was related to the magnitude of the 

dose. The decrease in the lymphocyte count was greatest under whole- 

body exposure conditions and least under upper-body irradiation con- 
ditions. This is attributed to the relative amounts of lymphocyte- 
producing tissues irradiated. There was a corresponding increase in 

the neutrophil count 3 to 6 days after exposure in each of the three 

groups studied and also appears to be related to dose but in a different 
Manner than the decrease in lymphocyte count. An increase in the 

hematocrit values was observed in the lower-body high-dose group which 
reflects fluid balance disturbances due to injury to the gastro-intestinal 
tract. An increase in the hematocrit value was also observed in the 
upper-body high-dose group but occurred approximately 6 to 9 days after 
exposure. The results were interpreted in terms of a time-integrated 
mathematical expression, termed "Cumulative Response Score.'' This expression 
enables the time dependent blood responses following irradiation to be 
expressed as a single number, reflecting both the magnitude and duration 

of hematologic abnormality. These data indicate that lower-body irradiation 
is more effective than upper-body irradiation in eliciting hematologic 
response, due to the amount of bone marrow exposed. The cumulative response 
score does not however, appear to be a useful predictor of lethal injury for 
upper-body exposure and only of limited value for lower-body exposure. This 
is probaby due to the fact that other than hematopoietic injury processes 
are contributing to death from upper and lower body exposures. 


Publications: Willhoit, D. G., "Comparative Effects of Daily 
Fractionated and Continuous Irradiation on the Survival Time of Mice," 
ESE Notes 6(4):1-2 (1969). 
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CYTOGENETICS OF IRRADIATED Allen B. Griffen 
MALE MICE Jackson Laboratory 
Bar Harbor, Maine 


EC-00107-03 


Project Descrtptton and Objectives; To determine the extent of perma- 
nent radiation damage to spermatogonial stem cells in the mammalian 

testis after exposure to fonizing radiation. In this study, cytologically 
visible major chromosome aberrations, particularly translocations, are 

the chief indicators of damage and are readily demonstrated in the 
offspring of irradiated male mice. 


Significant Results: It has long been assumed that after testicular 
irradiation male mammals (and men in particular) might refrain from 
procreation for a period of two or three months, and thereafter sire 
offspring which would be free of radiation-induced mutations and 
aberrations. The present study conclusively shows this assumption to 
be wrong, since radiation damage to testicular stem cells is permanent 
and permanently transmissible. It strongly points up the necessity 
for caution and protection in medical diagnostic and therapeutic pro- 
cedures, as well as in accidental irradiation from nuclear warfare and 
atomic devices. 


The earlier findings in this project greatly influenced two international 
reports on genetic risks to man (United Nations Scientific Commission 

on the Effects of Atomic Radiation, and Intermational Commission on 
Radiation Protection), according to a reviewer of a paper submitted for 
publication in the Canadian Journal of Genetics and Cytology. The 
continuation of this study will provide a highly accurate determination 
of testicular damage from low doses of irradiation such as may be 
anticipated for human beings in the atomic age. 


Publteattons: None. 
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IN VIVO REPAIR MECHANISM IN Jack Schubert 
IRRADIATED ANIMALS University of Pittsburgh 
Pittsburgh, Pennsylvania 


EC-00112-02 


Project Deseritptton and Objectives: To investigate systematically the 
mechanisms by which nonlethal doses of cyanide modify the actions of 
ionizing radiation in mammalian systems. The approach utilizes the 
kinetic patterns of cyanide-induced inhibition and recovery of tissue 
cytochrome oxidase tn vivo and_in vitro as a problem with which to 
explore the time relations and nature of the primary biochemical pro- 
cesses involved in the damaging action of ionizing radiations. It has 
recently been found that there exists a relationship between the degree 
of radioprotection by cyanide and the length of time cytochrome 

oxidase remains in the inhibited state. It is hoped that the proposed 
investigations will lead to new and improved chemical means for 
prophylactic and therapeutic treatment of radiation injury as well as 

new approaches to the enhancement of tissue radiosensitivity. If a 
functional relationship between cytochrome oxidase activity and radiation 
action is established, then it is hoped, in addition, that a new approach 
to cancer radiotherapy can be developed in which the radiosensitivity can 
be increased by unprecedented factors of ten or more prior to radio- 
therapy. Such an approach, involving the use of penicillamine for 
depleting copper, hence reducing cytochrome oxidase, has already yielded 
impressive results in the treatment of advanced melanoma in humans. 
Experimental studies along these lines are planned in order to confirm 
the validity of this approach. 


Stgntfitcant Results: Many drugs can protect animals given a lethal 
dose of irradiation from dying. How do these drugs work? The answer 
to this question will not only expedite the development of new and 
better drugs, but will also provide new approaches to a related problenm-- 
the selective killing of cancer cells by irradiation. A detailed 
investigation is being made on one of the most effective radiation- 
protective chemicals, namely cyanide. When a single non-harmful dose 
of cyanide is administered to rats or mice prior to their exposure to 
a radiation dose which kills 100 percent of the animals, all of the 
cyanide-treated animals survive. Why? It has been found that the 
protection depends on the time elapsed between the time the cyanide 
was given and the end of irradiation. For example, complete survival 
of mice given a 100 percent deadly dose of radiation was obtained 

even if 12-15 minutes elapsed, while with rats a 20-25 minute interval 
still permitted complete survival. The increased survival of cyanide- 
treated animals is accompanied by a substantial reduction in the 
number of damaged chromosomes--the cell structures carrying the 
hereditary material (DNA). 
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the pattern of protection afforded by cyanide to irradiated animals 
parallels the time at which the enzyme begins to function again. 
Cyanide protects the animals by rendering their cells relatively resis- 
tant to the expression of radiation damage by stopping DNA synthesis 
and energy producing processes. At a critical stage, however, the 
enzyme activity resumes, making energy available to the cell so that 
the damage produced by radiation can be repaired. 


Aside from pointing the way to more effective treatment of radiation 
sickness, investigations provide a rational biochemical basis for 
developing procedures to kill irradiated cancer cells more effectively. 


Publteattons. None. 





179 
THERMOLUMINESCENCE OF RUBY William G, Buckman 
AND IONIC CRYSTALS Frag Western Kentucky University 
Bowling Green, Kentucky 


EC-00118-02 


Project Deseription and Objectives; Some materials' thermoluminescent 
properties haye made them useful as radiation dosimeters which are 
complementary to and competitive with the film badge for personnel 
radiation dosimetry. The thermoluminescent yield and spectral 
emission of ruby and ionic crystals will be measured. The spectral 
emission dependence on temperature will be determined for luminescence 
produced by different modes of excitation. 


Signtficant Results: During the past year, significant results pertain- 
ing to the ultraviolet excitation of sapphire and gamma irradiated 
lithium fluoride, the thermoluminescence of ruby and sapphire after 
x-irradiation, and the fluorescence spectral emission of sapphire as 

a function of temperature have been obtained. 


The results from this research detail the response of sapphire to 
ultraviolet radiation. It concludes that sapphire is sensitive 

("lu watt/cm?), has a linear response for low radiation levels, has 
stable storage for at least eight days, and is virtually unaffected by 
normal room light. Since ultraviolet radiation has many technical 
applications and has many deleterious effects on man (conjuctivitis of 
the eye, skin cancer, and sunburn), steps are being taken to apply for 
a patent using sapphire as an ultraviolet detector. 


Preliminary results on using gamma irradiated lithium fluoride as an 
ultraviolet detector have been obtained. This shows promise as an 
ultraviolet detector for germicidal lamps and further experiments 
are in progress. . 


The results of the thermoluminescence of ruby and sapphire have also 
been set out in detail. The sapphire is approximately as sensitive 
to x-rays as is the widely used Harshaw TLD-100 thermoluminescence 
powder. In addition, the stopping power response of sapphire is 
similar to bone, thus it can be used when one wishes to determine 
the absorbed x-ray energy in bone (such as in bone cancer treatment), 


Interesting variations in the spectral emission of sapphire undergoing 
continuous x-irradiation have been observed. At 300°C, the chromium 
trace impurity R-lines and charge exchange region (6600-7100A°) pre- 
dominate, while at 25°C the broad emission spectra near 3,000A° 
predominates. This indicates that similar effects might be observed for 
common luminescent materials used in radiology. 
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Publications; Buckman, W. G., C. R. Philbrick, and N. Underwood, 

"The Characteristics of Ruby as a Thermoluminescent Radiation 
Dosimeter,'' Proceedings of the Second International Conference on 
Luminescence Dosimetry, Gatlinburg, Tennessee (1968). Available 

from the National Technical Information Service, Springfield, Virginia 
22451; 


Cooke, D. W. and D. C. Sutherland, "Thermoluminescence and Emission 
Spectra of X-Irradiated Ruby and Sapphire," presented to the South- 
eastern Section of the American Physical Society, Gainesville, 
Florida, November 6, 1969. 


Buckman, W. G., D. C. Sutherland and D. W. Cooke, "The Detection of 
Ultraviolet Radiation Using the Thermoluminescence of Sapphire," 
published in the Proceedings of the Fourth Annual Mid-Year Topical 
Symposium of the National Health Physics Society, 407-415 (1970). 
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EFFECT OF X-RAY SPECTRUMS ON Robert J. Schulz 
RADIOGRAPHIC QUALITY | Albert Einstein College of 
Medicine 


Bronx, New York 
EC-00126-02 


Project Description and Objectives; Almost all radiographic x-ray 
equipment is operated with 2.5mm of aluminum filtration. This fil- 
tration allows a wide spectrum of x-rays to be incident upon the 
patient and the width of these spectra increases with kilovoltage. 


It appears reasonable, and preliminary experiments bear this out, 


that there are optimal x-ray spectra for each type of radiographic 
examination; optimal in the sense of minimum patient exposure and 
maximum radiographic quality. 


The research objectives are to measure the x-ray spectra that result 
from the use of various high atomic number filters whose absorption 
characteristics markedly reduce the range of x-ray energies present in 
diagnostic x-ray beams. These "monochromatic" beams will then be 
evaluated in terms of the radiographic quality of radiographs they 
produce and the level of patient exposure. 


Significant Results: On theoretical grounds it can be shown that for 
a specific radiographic examination, minimum patient exposure and 
maximum radiographic information are obtained with monoenergetic 
x-rays. In order to test the practicality of the theoretical results 
it is first necessary to produce x-ray spectra that contain a range of 
energies considerably narrower than the range obtained when the beam 
is filtered by aluminum. At the same time useful x-ray intensities 
must be maintained so that radiographs may be made in fractions of a 
second without overloading the x-ray tube. 


The approach to this problem has been to use high atomic filters 

where the K-absorption edge of the filter material is matched to the 
voltage applied to the x-ray tube. By adjusting the high voltage to 
be 1.3 times the K absorption edge, x-ray spectra containing relatively 
narrow ranges of photon energies are obtained. Efforts to date have 
centered upon the construction of high atomic number filters, develop- 
ment of methods for measuring x-ray spectra and the collection of a 
library of x-ray spectra. To this end there are now seven Pehing 
x-ray spectra whose peak energies span the range of energies used in 
diagnostic radiology. These are obtained with the following filters 
and applied voltages: 
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Filter Voltage Filter Voltage 
Barium 55 Kvp Gadolinium 75 Kvp 
Cerium 60 Kvp Holmium 80 Kvp 
Neodymium 65 Kvp Gold 100 Kvp 
Samarium 70 Kvp 


Currently being measured is the transmission through water of these 
x-ray beams, and beams having 2mm of aluminum filtration, in order to 
obtain a basis for comparison. Following this, an x-ray technique 
chart must be established and then studies will be started on radio- 
graphs of anatomical phantoms to test the premise upon which this 
study is based. 


Publtcattons: None. 
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SYMPOSIUM ON RADIONUCLIDES Roger J. Cloutier 
RADIATION DOSE AND EFFECTS Oak Ridge Associated Universities 


Oak Ridge, Tennessee 
EC-00131-01 


Project Description and Objectives: The objectives of this conference 
are to bring together the current coneepts on internal dosimetry and 
present the methods now used to estimate internal radiation dose. 
Invited speakers, leaders in the field, will present various facets of 
the problem, exchange points of view, and define major disagreements 
that exist in this field. It is expected to generate some fruitful 
pathways for resolving some of the continuing questions on dosimetry 
and to suggest some innovations for research workers in the field. 

An important objective is to provide a current reference volume on the 
current state of this aspect of nuclear medicine, a resource that is 
definitely needed for practitioners and clinical investigators. 


Stgntficant Results: The symposium "Medical Radionuclides: Radiation 
Dose and Effects," was held in December 1969. Thirty-two invited 
speakers, three from overseas, presented papers dealing with the methods 
of calculating the internal radiation dose to a patient administered 

a radiopharmaceutical and with the biological effects observed in 
patients who had received radiopharmaceuticals. During the discussion 
periods that followed each session, many additional facets of the 
symposium's topic emerged. Some major disagreements were brought into 
sharper focus while others were resolved. Innovations for research 
were suggested to provide solutions to some ef the problems. 


The proceedings including the discussions were published within six 
months of the meeting and have become a current reference on 

radiation dose and effects. The published proceedings have reached 

a much larger audience than the approximately 170 persons whe attended 
the symposium since four printings have produced a total of 3500 copies. 


Publications: Cloutier, R. J., C. L. Edwards, and W. S. Snyder, 

eds. Medical Radionuclides: Radiation Dose and Effects. US-AEC-CONF- 
691212, 1970. Available from National Technical Information Service, 
U.S. Department of Commerce, Springfield, Virginia 22151. 


NOTE: Travel funds for this symposium were provided under grant 
number EC-00144-01. 
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RADIATION FACILITY FOR RESEARCH Wilitam B. Esselen . 
ON FOOD University of Massachusetts 
Amherst, Massachusetts 


EC-00136-01 


Project Deseription and Objectives; During the past 12 years the 
University of Massachusetts has conducted research on irradiation of 
foods and other materials. Increasing needs for irradiation facilities 
have made it difficult for the grantees to depend on the use of local 
irradiation facilities and they wish to set up their own. The AEC 
has agreed to supply 50,000 curie Cobalt-60. source, building space is 
available in the department of Agricultural Engineering laboratories 
and the University has allocated $25,000 State funds toward the cost 
on an estimated $50,000 apparatus to contain the Cobalt-60 source. 
The purpose of this project is to provide $25,000 in matching funds 
to purchase the apparatus required. As planned the departments of 
Food Science and Technology and of Agricultural Engineering would be 
prime users of the facility. However, the facility would also be 
available for use by other departments of the University, as well as 
nearby Amherst, Mt. Holyoke, and Smith Colleges in order to provide 
joint use of this facility to maximum advantage. 


Stgntftcant Results: Not applicable. 


Publtecattons. None. 
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Principal Investigator 


Albert, Ernest N, ... 
Albert, Roy E. Sete 
Anderson, Roy S._ . 


Block, Seymour S. + - 
Box, Harold C. «+--+ -» 
Brandom, William F. «+ - 
Brill, A. Bertrand -; ° 
Brownell, Gordon L. - 
Buckman, William G. - 
Burdette, Walter J. ° 


Cloutier, Roger J. ° ° 


da Silva Horta, Jorge - 
Davis, Robert E. °° ° 


Eisenstark, Abraham. . 
Esselen, William B. - 


Forbes, William F. - - 
Furchtgott, Ernest .. 


Garcia, John ....e.. 
Genco, Joseph M- «+ = > 
Gilson, Albert J. * ° ° 
Goepp, Robert A. * * * 
Griffen, Allen B.°* ° > 
Grow, Richard W. * ° ° 
Guy, Arthur W. ° °* ° 


Hate y.JONN +s « + +30 
Haymond, Herman R. . . 
Hempelmann, Louis H. . 
Hilaris, Basil S. oa 
Hisateune, 1.,C. .... 
Howarth, John L. ... 
Hungate, Frank P.. . 


189 


Listing by Principal Investigators 
FY 1970, 1971 and 1972 


“i cet ld od a inl ERI gad 
ee EL Bi LY eee RE Lal 0 9 


te Me a eo ss ie eats 
° e © e 8 e e e ee e e , 123 
e ° e e. e@ e e ° e ° e e e e e , 149 
° e e ) ° ° e e e e e e e e e 77 
e e e e e ° e e ° ° ° ° e e (8 e 145 
e e o e@ ° e e e ° ° e e e e 147 
e ° ee e e@ e e e e ° ° x. @ e 119 
ee ee e eo ee e@ e e ° ° ° e e e oe ELS 
e 8 e e e ° ° e e ° e eo e@ e e ee @ ° 61 
e ° ° e ° e ° . e e ° e e e 8 e e 39 
° e e ° e186 e e@ e ° e e e e © 6 orTs e 89 
° ° e e (fe co) ° e e ° e ° e eo e@ e 81 
e ° e e e one. 8 e e e e e ° e oe e e 15 


. °@ . e@ * e@ e ° (fe a e e@ e ° ° ¢@ eo @ 9-4 & e 133 


ae e ° Chee) e e ° ° e @ ° ° e ee ee e« e 127 


190 


Principal Investigator 


Janower, Murray L. . 
Johnston, Francis J. . 
Dorcas OCOLG Woe. 
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Alphabetical Listing by Grantee Institutions 
FY 1972 


Grantee Institution 


Auburn University, Alabama 

Bowman Gray School of Medicine, North Carolina 
Clark University, New York 

Columbia University, New York 

Georgia Institute of Technology 


George Washington University, Washington, D.C. 

Indiana University 

Johns Hopkins University, Maryland 

Massachusetts General Hospital 

National Council on Radiation Protection and Measurements 


New Mexico State University 

New York State Department of Health 
New York University Medical Center 
Northern Illinois University 

Oregon State University 


Pacific Northwest Laboratories, Washington 
Rush-Presbyterian-St. Luke's Medical Center, Illinois 
Society of Nuclear Medicine 

Southern Illinois University 

St. Bartholomew's Hospital Medical College, England 


St. Thomas Institute for Advanced Studies, Ohio 
University of Denver, Colorado 

University of Kansas 

University of Missouri 


University of Pennsylvania 


University of Pittsburgh, Pennsylvania 
University of Rochester, New York 

University of Rome, Italy 

University of Southern California, Los Angeles 
University of Texas 
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Grantee Institution 
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Vanderbilt University, Tennessee 
Western Kentucky University 
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Alphabetical Listing by Geographical Location 
FY 197 ' 
- State/Country Grant Number Page 
Alabama RL 00527-01 57 
- California RL 00064-10 81 
Colorado - RL 00520-02 51 
_ England RL 00082-06 87 
Georgia RL 00412-02 43 
Illinois RL 00075-06 83 
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Kansas RL 00405-02 | a 
Kentucky RL 00733-01 73 
_ Maryland RL 00433-02 45 
RL 00726-O0O1 71 
- Massachusetts RL 0065-10 9 
RL 00114-03 29 
| Missouri RL 00748-01 has 
New Mexico RL 00480-02 ; 47 
DP New York RL 00009-07 5 
RL 00029-06 r 
RL 00074-11 ne 
RL 00078-09 15 
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North Carolina 
Ohio 
Oregon 


Pennsylvania 


Tennessee 
Texas 


Utah 
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Washington, D.C. 
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00076-09 
00119-05 
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Listing by DHEW Regions 


FY 1972 


Grant Number 
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0065-10 
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00009-07 
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00074-11 
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00085-08 
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REGION I: 


REGION II: 


REGION III: 


REGION IV: 


tbe he: 


Department of Health, Education, and Welfare 
Public Health Service 
Food and Drug Administration 
Bureau of Radiological Health 


Regional Office Information 


(Connecticut, Maine, Massachusetts, New Hampshire, 
Rhode Island, Vermont) 


DHEW, PHS, FDA 
585 Commercial Street 
Boston, Massachusetts 02109 


Radiological Health Representative: Robert M. Hallisey 
(New Jersey, New York, Puerto Rico, Virgin Islands) 
DHEW, PHS, FDA 

850 Third Avenue 

Brooklyn, New York 11232 


Radiological Health Representative: Ronald E. Bernacki 


(Delaware, District of Columbia, Maryland, Pennsylvania, 
Virginia, West Virginia) 


DHEW, PHS, FDA 

1204 U.S. Customhouse, Room 902B 
Second and Chestnut Street 
Philadelphia, Pennsylvania 19106 


Radiological Health Representative: Robert Frankel 


(Alabama, Florida, Georgia, Kentucky, Mississippi, 
North Carolina, South Carolina, Tennessee) 


DHEW, PHS, FDA 
880 West Peachtree Street, N.W. 
Atlanta, Georgia 30309 


Radiological Health Representative: Joseph A. Brennan, a § 
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REGION V: 


REGION VIL: 


REGION VII: 


REGION VIII: 


REGION IX: 


(Illinois, Indiana, Michigan, Minnesota, Ohio, 
Wisconsin) 


DHEW, PHS, FDA 
Room 1222 Post Office Building 
433 West Van Buren Street 
Chicago, Illinois 60607 


Radiological Health Representative: James A. Kraeger 
(Arkansas, Louisiana, New Mexico, Oklahoma, Texas) 


DHEW, PHS, FDA 

500 S. Ervay Street 
Room 470 B 

Dallas, Texas 75201 


Radiological Health Representative: J. A. McTaggart, D.D.S. 
(Lowa, Kansas, Missouri, Nebraska) 


DHEW, PHS, FDA 
1009 Cherry Street 
Kansas City, Missouri 64106 


Radiological Health Representative: William H. Oates, Jr. 


(Colorado, Montana, North Dakota, South Dakota, Utah, 
Wyoming) 


DHEW, PHS, FDA 

Room 500 

U.S. Customhouse 
Denver, Colorado 80202 


Radiological Health Representative: Bobby L. Dillard 


(Arizona, California, Hawaii, Nevada, Guam, American 
Samoa) 


DHEW, PHS, FDA 
Federal Office Building 

50 Fulton Street 

San Francisco, California 94102 


Radiological Health Representative: Morgan S. Seal 


REGION X: 
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(Alaska, Idaho, Oregon, Washington) 


DHEW, PHS, FDA 
Room 5003, Federal Office Building 


909 First Avenue 
Seattle, Washington 98104 


Radiological Health Representative: David H. Flora 
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Coordinate Indexing. 


e ABSTRACT CARDS below are designed to facilitate document retrieval using 
They provide space for an accession number (to be 


a in by the user), suggested keywords, bibliographic information and 


abstract. 
} 


The Coordinate Index 
concept of references 
material filing is 
readily adaptable to 

a variety of filing 
systems. Coordinate 
Indexing is described 
in the publication 
"IBM Data Processing 
Techniques - Index 
Organization for 
Information Retrieval" 
(C 20-8062). Copies 
are available through 
IBM Branch Offices. 

The cards are furnished 
in triplicate to allow 
for flexibility in their 
use (for example, author 
card index, accession 
number card index). 
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This publication includes descriptions and accomplish | 
ments of research projects supported by grants from the 
BRH from July 1, 1969 to June 30, 1972. Information 
about individual projects was obtained from summary 
statements prepared by the principal investigators to | 
define their objectives and describe significant results] 
Project publications which could be identified as grant | 
supported were listed for the duration of the grant. | 

Research grants are listed by title, grant number, 
principal investigator, and institution. An index in- 
cludes an alphabetical listing of principal investiga- | 
tors, grantee institutions, and geographical locations, | 
a grouping of grants by DHEW regions and information | 
about the 10 regional offices. 

KEYWORDS: Research Grants; Principal Investigators; | 
Grantee Institutions; Geographical Locations; DHEW 
Regions; and Regional Office Information. 
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This publication includes descriptions and accomplish- | 
ments of research projects supported by grants from the 
BRH from July 1, 1969 to June 30, 1972. Information 
about individual projects was obtained from summary | 
statements prepared by the principal investigators to 
define their objectives and describe significant results] 
Project publications which could be identified as grant | 
supported were listed for the duration of the grant. | 

Research grants are listed by title, grant number, 
principal investigator, and institution. An index in- 
cludes an alphabetical listing of principal investiga- | 
tors, grantee institutions, and geographical locations, | 
a grouping of grants by DHEW regions and information | 
about the 10 regional offices. | 
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FDA 
FDA 
FDA 
FDA 
FDA 
FDA 
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FDA 
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FDA 
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73-8003 
73-8004 
73-8005 
73-8008 
73-8009 


73-8010 


73-8011 
73-8012 
73-8015 


73-8016 
73-8017 


73-8018 
73-8019 
73-8020 
73-8022 


73-8023 
73-8024 


73-8026 
73-8027 
73-8028 
73-8029 
73-8030 
73-8031 
73-8032 


73-8034 
73-8035 


73-8036 


73-8038 


Fourth Annual National Conference on Radiation Control (GPO 1715-0038, 
Sonouds APB 212/591, mf only). 

Integrating Milliampere-Seconds Meter. 

An Insulated Meter for X-ray Tube Current Measurement. 

Interaction of Ultrasound and Biological Tissues: Proceedings of a 
Conference (GPO 1715-00052, $3.45) (PB 220 143, mf only). 

Reduction of Radiation Dose in Diagnostic X-ray Procedures (PB 212 
Alga. OO), 

Calorimetric Calibration Method for a Commercial Power Monitor for Use 
with High-Power Microwave Generators (GPO 1715-00039, $0.55), (PB 213 
970, mf only). 

A New Pumping System for a 150-Kilovolt Neutron Generator to Reduce the 
Present Tritium Hazard (GPO 1715-00041, $1.00), (PB 213 663, mf only). 
Radiation Safety and Protection in Industrial Applications: Proceed- 
ings of a Conference (GPO 1715-00042, $3.75), (PB 214 098, mf only). 
Regulations for the Administration and Enforcement of the Radiation 
Control for Health and Safety Act of 1968 (GPO 1715-00043, $0.45). 
Microwave Oven Survey Manual. 

Report of State and Local Radiological Health Programs, FY 1971. 

(GPO 1715-00044, $1.25), (PB 219 991, mf only). 

Computer Applications in Radiology: Proceedings of a Conference (PB 
215 S02. 512.50, mt. $0.95). 

Safety in Classroom Laser Use. 

An Inexpensive Point Source for Rapid Transmission Scanning. 
Construction and Evaluation of an Orbital Multi-Directional X-ray 
Fluoroscopy Apparatus (PB 215 529, $4.85). 

A Simple System for Labeling Gamma Camera Images. 

An Epidemiologist Takes a Look at Radiation Risks (GPO 1715-00045, 
$1.00), (PB 220 144, mf only). 

Course Manual for Machine Source of X Rays (GPO 1715-00048, 

95.05). 

Course Manual for X-Ray Measurements (GPO 1715-00047, $5.10). 

Course Manual for X-Ray Applications (GPO 1715-00046, $3.35). 

Health Physics in the Healing Arts - Seventh Midyear 

Topical Symposium (March 1973) (in press). 

A Review of In-Line RF Power Meters for Use With Ultrasonic 
Instrumentation. 

Results of Clinical Surveys for Microwave Ocular Effects (GPO 1715- 
00049, $0.40) (PB 220 145, mf only). 

The Origin and Findings of the Atomic Bomb Casualty 

Commission (PB 220 544, mf only). 

Radiological Health Training Resources 1973. 

Federal/State Radiation Control Legislation 1972 

(GPO 1715-00053, $0.80) (PB 220 523, mf only). 

The Chest X Ray As a Screening Procedure for Cardiopulmonary 

Disease - A Policy Statement (GPO 1715-00051, $0.50) (PB 

220 139, mf only) 

Bureau of Radiological Health Research Grants Program, 

Fiscal Year 1972 (May 1973). 
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